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PASSENGER AND OARGO STBAMERS. 


SHALLOW DRAFT VESSELS, 


2076 | 


MILLWALL, LONDON, &. 
Greyerat Constavcriona Byeiwerns. 1216 


Boilers, Tanks & Mooring Buoys 


Buseck Sey = Ravage and anvacte 
Prpss, Hoppsns, Fahy oe Wosr, Repatms oF 


John Bellamy | pes R 


FERED WATER Ny 


CALORIFI at RATOR: 
CONDENSERS, ; 
STEAM bas 
Merrill’s Patent TWIN STRAINERS 
SYPHONIASTRAM TR REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS 
ATBR SOFTENING and FILTERING. $728 





9581 
A. G Micra, 7,14. 
CULY ER STREBT WORKS, COLCHESTER, 
On ApMIRALTY 4np Wan Urrice Lists, 
BNGINES for Torpedo Boats; Yachts, Launches. 
BOILER PEED PUMPS, 

See advertisement page 69. 


WATBR-TUBE BOILERS, 
“PACES AUTOMATIC FEED RRGULATORS. 


© And Auxiilary ero as supplied tote 


2119 
Predging - pi 
OF ALL DESCRIPTI 
G BS, ° Hab SUNKERING 
| PLOaTIN one eke 
Werf. Conrad, 
duchy ge Advert lank ch i ne ‘ 


(RANES. All- Types. 


GHORGE RUSSELL - CO, co 











STHEL TANKS,’ pela S sai ac.” 


F[{hos. Piggott & Co, Limited, : 


RMINGHAM. —. 
See Adveinsoagaeel last week, page 13, 


pre TE Sicha « Kae 
; BOILERS = 


ol we: SPBNCER-BO 
4 Mansions, Victoria tes 
: Yan ae 


Serangoon 
Work manshi; neal s 
me ip equal: 


Ra’ W. HA , LESLIE & CO, 
NEWCAsTLE-ON-TYNE, 


Bree ie" Patent L= C . 


py scners, Peete 10 
Javincible (j2r8e (j 2888. 


BUTTERWORTH BROS., ‘Libs: 
Newton, —_—," Works, 


Your Tiibca 


BPROLAL MAUHIN 
een 
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(Campbells & Hurte, Diss 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 

Beveland Mitre Wheels planed upto6 ft, 6in. diam, 

Spur Wheels cut up to 12 ft. 6m. diam, 
DOLPHIN FOUNDRY, LEEDS. 4547 


VosPER_ & Co o. Lt. 


SHIP & LAUNC i 1 BOLLDERS Od 2551 
BNGINERKS & BiLak MAKERS. 
Tar GLa-cow RoLiive Stock anp ear ‘Wonxs. 


* 7 

urst, Nelson & Co., Ltd., 

BuildereofRAILWAYCAKRIAG gpa ti 
ELECTRIC CARd, and EVERY OTHFR DESCRIPTIO 
or RAILWAY and TRAMWAY ROLLING STUCK, 

kers of WHEELS and AXLES, KaihWay PLAT, 
Fori Inés, SmitH Work, Inon & Brass’ Castings, 

* Pressgp Stern. WORK OF ALL KENDS, ¢ 
Reg. Office ‘and Chref Works - Motherwell, 

fice 732, Great >t Helen's, Bishopgate, BU.3. 
1 FURL APELIANUMG, 











* Purssune Aim, Sream 
For Boilers of alt types 
KBRMODBS LIMITED, 
3%, The Temple, (ale Street, 


Recat” (uta er ity; 
‘a ses te 
‘also for Saerctias Ships, for 


motives, 


of all kinds, ~. 
Supplied to" ie British and 
+. , ,other Governments. 


Telephone No,: Central 2832, 
Telegrams: “ Warmth 


Yearing of all Descriptions. 


GEAR WHEELS up to 10 ‘to 10 ths diameter. z 
FLY ROP and BPUR DRIVING WHEELS 
up to 23 
BC and CLAY WORKING MACHINERY 
of ind 
““Uniflow,” Corliss,” or ~ Drop 


BS. nag GINES — 
Ves 
‘ OLAYTON, POCA, & CO., Lap. 
Blackburn. 2653 


RAILWAY AND TRAMWAY ROLLING STOCK. 


i urst, N elson & (oo r td., 


Tae Giascow Rotiine Srook anD PLANT Wonxs, 
MOTHERWELL. Od 
¥ J. Davis, M.I:Mech.£., 
+ Gas nes Inspected, Tested Be, 
rs’ experience,” T: 


BLerbwentey Saat Wines idising Lond 
re; — 
=Bke reat Kastern Hoad, Stratford, te 15, 114 


4078 
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OLUTHA WORKS, 5 auasGow.- 


eee BRI B8, ROOFING, be 
‘ ow Od 8547 x 








1 Si Glasgow Kailway 


jneerin 
AN, GLAS 
Lendin Office—12, Maswatng Stes we 
Manuracr 
RAILWAY CARRIAGE, WAGUN. & TRAMWAY 
WHESLS & AXL 
B & WAGUN iRUN WORK, alao 
CAST-STBEL AXLE BO. 2633 


PROPELLERS 


AND PROPULSION PROBLEMS, 
Special designs only, 
be Circulation on Theory’ 


_|Akimoff Propeller ripe 


PHILADKLPHIA, U.8.A. 








2(R -Y¥, Pwkering & Co., Lid, | 
i» (Bstablished 1806.) 


BUILDERS of RAILWAY UARRIAGES2 WAGONS| 


co So a a mm 


otabeny: 


IRON & STREL 


T cass aD Fittings 
mace AND ‘ 
Sieel Pistea 


Srewarrs AND Liovns, Lua. 
GLASGOW © BIRMINGHAM | LONDON. 
See Advertisement, page 51, 2584 


Peter Pyrotherhooa LL 


sg aaa sag 





STEAM ENGIN 8 AND TURBINES. 
GAS AND UIL ENGINES, 
AIR CUMPRESSURS. 
REFRIGERATING PLANT. 

See Advertisement, page 63, April 24, 


1815 





‘ew Wire Ropes, 


socal aela vii, 





ce gacemteone FROM BOLTON. 


300/325 LAP, Corliss 


VALVE CROSS COMPOUND 
joie age tog ENGINES, by~. The Burnley 
Ironworks, Ltd 


Belt fi heels 16 ft, diameter by 26in. wide. 
‘orliss valves'to inlet phe g tots ane = tn cylinders, 


ertical Air Pump a: cigs at oor floor level, 


worked by L crau ‘nous 
ION * OF << SINGLE 
ENG 


LARGE 8E 
Spas, Maite! _— 3 sg INES, by 


yg? euicslink & SONS, LTD., 
Lo. See 
Telephone ; 502 (Three lines). 
OF Oe eer elegams: “RRALIZE: 


raupe & QUMMIT” MARK. 


Dobe Saws 


AND SOREW SLOTTING CUTTERS. 
JOSEPH THOMPSON (Sheffield) Lro., 


Townhead — i rain Works, 

. FOR B SALB. 
C° mplete Fi First-class Electric 
‘Two “wrt by sta, a. *iored by bt ee 


dati on ‘eae: mht, Driven Boller 
Brace Peeble’s GENER- 








PA aan Low price to save 
“further particulars upon applicstion to:—~ 











YARROW * @.eRy, = 


LAND AND MARING 


YARROW BOILERS, 





}rorgings. | 
Vee ee 


4 | atthew Paul & (o [4s 


Leverrornp. Wohks Dumbarton. an 
See Full Page Advt., page 65, April 24, 


(| 'aylor & (halen 
TOSSeS 
For Trodvction of SUKI METAL WORK, 
eR op tod wef 
< See Advert., page 62 A : 
“Tpelte’ inate 


"Tun DELTA br 
RB, Guscewiall LONDON, 3. xt) (a at Birmingham) 


ON at Seve LI8?. 











ohn hiskaldy, Ltd., 


London Office: 101, LrapEennaxt 8f.,' B,0.3, 

Works: Brant M near Har.ow, Hssrx. 
Branch Office and’ epon: 14, Sxow ae: 
Mnpsssae 


ee Central 27 


ing iB Deciite Plants. 
and a ing co Somme 


Srefingsot ar Pony. va 


urface Condensers, &c 
ailway 
G witches and — 
(\tossings. 


T., SUMMERSON & SONS, LIMITED 
DaBLinetoy, 








osser and Russell, Ltd., 


~ QUmmWS | SPECIAL” i ET aera,» ee 


WRLL : HUIFE KD SHOP. 
LATHE WORK up to 10 tt. diameter. 
7 Hawineranish 


Bish ek Bearings, ae 


Branch ¢ +4, 2, Comal Steet, = : 

Regd. Offices 7710, Princes estmins er: 8.W,1, 

Adjustable ‘Taper Roller e 
_Bearin . 


ngs. Bo 
Co... Tad., 





Works and 





Smethwick. 





oy a Nigines : | 
Sine ih BAP. did unwedien 


Peer ce eovil.. 








irate Courses for 


\y.B., and ALL 
8 y 


sy CaS Inst.0.8., Ohar- 
8.1. F.R.S.A,, ete. Also 
Hxams., comprising hundreds of Se cchel Beinn: ~ 
ms. 8 
Course may nence at any time, and all 


Students receive individucl tuition —For full 


see apply to Wey ee hoo ‘ota 


Werte meee before 
Government Departments 
commufica 
poe 3 oa ot 
Bt esreree juste a ca Bein : 
TENDERS. 


WIGAN U! UNION, 
The Guardians of the Poor Poor of the a8 Union 


enders hors "the 
LIVERY and 2 

BLBOTHIOAL VE Borne PUMPING PLANT, 
Heating and Dem hig OY Trdg Apparatus, 
Alterations of Buildings Additions, and making a 
Wellat the Poor Law Infirmary,Billinge,near Wigan. 
Copies of the specification and genera! conditions 
may be obtain m me, the undersigned, on pay- 
ment of a fee of £3 ¥s., which will be returned upon 
receipt-of a bena-fide fide Tender, and 8 Can be in- 
spected at mer Office mye mamas a ped Hours, 
Tenders, to led and end ‘Tender for 
Press Biliage Infirmary,” . to eaciiieien to me 
ot lsvér than four Pm on Monday, the vith May, 


he Guardians do not bind themselves to accept 
the lowest or any “Sy. iiss sis 
ier 
H. GORDON ‘AOkmAL EY, 
viet Sean Wis 
cage 


Clerk. 
act April, } 


H 829 
POR OF BRISTOL. 
RECONSTRUCTION OF SHED “Y,” 
Docks Committee invite 


The 
enders forthe Reconstruction, 
thainie in Ferro-concrete, of the DOUBLE 

FLOOR TRANSIT SHBD, keene ae Shed “ VY,” 
Oanon nots 
eit a in PR tee a bow. 


tion, Schedule of ar, Gen malate ry te don 
Drawings can be obtained from onpy ot 
Bee of @ receipt showing sak 4 a aenesit - 

ree to the General er and 


Bristol Docks Committee TO 
WitOMt aun CHEQUES ae M 


BE 

PAY, : yah, bt ig of 25 will be return 
a es Tenderers, 

Senden ae t be enclosed ina sealed envelope 

spdorgedy ender for oe Rrmeerecsion of Shed 

“vs acdressed eneral Manager 


an of the books Senarmnen 19, Queen 


semanas ue By Noggrenaeac nw igh ain 
accom ps: prescribed uments an 
ene, Wah Monday, the 1st day of 


June, 
The Docks Committee bind themselves to 
OR, 


accept the lowest or an 4" 
Y any fen 














BRISTOL. 


— 





of Bristol. 


Chiet eon csmouth Boe 
. 
H 841 





: on ss LRICHSTER. 
STORM WATER AND SEWAGE DISPOSAL 
; ORKS. 


CONTRACT NO, 4. 
CAST-IRON PIPES AND | OTHER IRONWORK. 
preparéd to receive 
Arendars “for th the Supply and 
Ls NGUBS, BPBOLAL tA oagtinGs and SrDiod 
Won and for other fay 


ks, 
is Saal int "hey following} 8 





ed | Ten a.m., on Thursda 





ENGINEERING, 














THE PUBLIC WORKS DEPARTMENT 


F 0 
“HGYPTIAN: MENT 
; is for ; 
nders for : 


,| SORPLYING, LAYING, JOINTING, and 
IG of about 11,600 lin, metres of 46-in, diam 
7 oot. Standard), between Kafr él 
e Pumping Station and Gebel el 
enderers must have had previous 
experience in this work. 


Tender forms, conditions, drawings, etc., to be 
obtained from 


THE eriggs Fn Srey ENGINEER, 
ptian Government, 
"Sie Anne’s Chambers 
Westminster, S.W.1. 


Price £5 2s, 6d. (not returnable). 
Please quote Reference No. Main per 6437. 
Tenders due on Jone loth, in. Cairo. H 886 


Fo Disposal by Tender, |s 


boow’'s. hg -y (ex-German) FLOATING 
THE ADMERAUEY have for disposal, without 





pr restriction as to use ake the above-mentioned 


pe oe in sections at Chatham. 
gr itp of the Dock are as popes 


Leas 
Breadth to walls. 

Width inside at top of walls 2 ins, 
Width Inside at bottom of walls...147 ft. 10 ins, 
rd inside width (bet al 


BS ag of 
Height of Blocks 
a draught of ship dockable, ott 


Derth ot wane required at site to 
of 86 ft. draught...... 63 ft. 

ime tc ~ itt ng large peng seesssene 2S hOurS, 
The sections of the Dock are for eale as and where 
they lie, and without any guarantees. Further 
u. Tender Forms, tions of 4o~! ete., 

er with an order to view, obtained 
obwria more. a to the DIRBOTU! ‘OF NAVY 
ADMIRALTY; Room 62, Princes 

Ricgrire. London, W.C.2. 
vealed Tenders are due at the Admiralty by tere, 
on Tuesday the 12th May, 1925. H 158 


METROPOLITAN ASYLUMS BOARD, 
To HEATING B ENGINEERS; 


The Board invite 


lenders for Removing Exist- 
ing Heatin mA and Providing and 
FIXING NEW ST aS fg Ad CALOKIFIERS, 
STEAM and COND PIPING, etc., at the 
North - Western Fever Bienival Lewn -Koad, 
Hampstead, N.W.3, in accofdance with the Speci- 
fication and Drawings prepared by Mr. T. CooPER, 
M;Tnst.0.8., M..-Mech.#., Bagiieer-in-Chief.- The 
Specification, Drawings, and Form of Teuder may 
be inspécted at the Uffice of the Board, Victoria 
- ye pnt a B.C, ee te and after Ten a.m.,on 
, 29th 1925, and tan then be 
pet nape upon gman of a * deposit of £1. The 
amount of the osit. will be returned only after 
the receipt of a ne a fide Tender sent in accordance 
with the instructions on the Form of Tender and 
after the Specification and the Drawiogs have been 
returned, 
Ténders, addressed as noted on the Form, must be 








sata 





2 ins. 











ADE j delivered at the Office of the Board not later than 


Ne 14th ee 1925. 


G. 
Check tothe Bonk’, 
LIFFEY TUNNEL, 
THE DUBLIN PORT Ad AND DOOKS BOARD 


(T'enders ion "Responsible and 

Experienced Contractors for. the CON- 
STRUCTION of a SUBWAY under the Hiver 
Liffey, at Dublin, 

Applicants must submit with thelr Tender a 
statement. of Dine, revious experience of sub- 
aqueous tunnelli ether with a list of ‘the 

works ried “out by them and the. contract 
ce of same. No Tenders will be entertained 
rom firms which have nob had experience as 
ceimetonl contractor on such works. 
The works to be carried out will comprise the 
following :— 
The construction o 
(a) Erte a Bin. interfal diameter Shafts, 


od sad 
(b) One 11 ft. 9 in. internal diameter Iron- 
lined Tunnel, about 80 feet in length. 
oa Two Shaft Houses with all fit ttings. 
4) Two Blectric Lifts and Two Stairways. 
(e) Ventilation and Lighting System in Tunnel 
— Shafts, and all other fittings shown or 


ail ‘Temporary Works, Compréssed - Air 
t, etc., necessary for the execution 
othe contract, 
pecification, Drawi 


H 926 





it) 


and Form of. Tender 


‘yoy obtained on ap oe tion Sona the ee meer’s 
cay aan Eo oon — 
after 


OK 18th ith ABE, 
between the our hours > Ten ae | = be pam. 


en ee The. The © Seoretary wo the Board ie . 
deposit of eve” ch must be lodged with: the 
Dublin Port and Docks Board, Westmore- 
land Street, Dublin. This os will be refunded 
on receipt of a bona fide Tender, ror ggg oo by all 
ingineee, and documents obtained from ‘the 
Hy Oo them in their 
oe sup; - with such ces on 
& sum o per sheet, w: cams 
Mil not returned. “An drawings so supplied 
must eo yoo under separate cover at the 
same time as Soe Tender is 


to have extra copies of any 


reed geen Nag aaa 
not later 
Segal -May, 1028. 


ee ae rane. oi 


Tenders m delivered under seal, addressed | 
te THE SEORRTARY, Dublin Port and Docks 
: estmoreland 8 





INDIA _ STORB 

be Road, 
rfreuclers it 

1. COMPLETE BOILER INST LATION for 


Electric Power 
Boilers, Underfeed 


ai gg Pc 1g of Cornish 
soxers, er 4 rT 





wonimngy, B Pi , etc. 
Rosters. due’ oe he itn nin 
ue on 
on the 12th 1 for eg x 
Tender Forms iiainat froniabove. 


1925, for No.1 and 
H 929 





HEATING. 


THE a ibang OF His oo Aan daa 
1 Ane are prepared to 


T Yenders before Eleven|é 
pins on Friday, 15th May. 1925, for. 
ARRANGEMENT of HEATING 
APPARATUS; atthe British Museum. 

Dra tGantrac, ils a copy of the Conditions 
wea done be of Contrac of Quantities, Forms for 
Famety phe on the CONTRACTS 
BRANGH. Hite: Me onvice OF WORKS. King Charles 
repens Londo — payment of One Guinea, 
Cheques payable to The Commissioners of H.M. 
orks, &c. née sums so paid will be returned to 
those persons who send in Tenders in conformity 

with the conditions, H 896 





METROPOLITAN ASYLUMS BOARD. 
TO LAUNDRY ENGINEERS AND OTHERS, 


The Board invit invite separate 


lenders for the Installation of 


SIX-ROLLER IRONING MACHINE at 
ates Sanger HOSPITAL, HENDON, N.W.9, in 
i3 = Ss ce ane Drew: 
OOPE: nat,C. 
tng prepared Bedineeris-Ohiet The Specification, | 4 
pen and i of Tender may be inspected at 
the ce of the Board, Victoria Bobiukment, 
E.C.4, on andafter Ten a.m., Wednesday, 20th April, 
1925, and can then be obtained upon payment of a 
deposit of £1, The amount of the dapat will be 
returned only after the receipt of a bona fide Tender 
sent in accordance with the instructions on the 
form of Tender and after the Specification and the 
Drawing have been returned. 
Tenders, as noted on Form, must be 
delivered at the Office of the Board not later than 
Ten a.m., on ey eee May, 1926. 


Clerk to ‘hie Board. 926 





URBAN DISTRICT COUNCIL OF ASHBORNE. 
EDLASTON WATER SOHEME—OONTRACT No. 1. 
TBNDEES FOR BORBAOLE. 

The Council 1 invite 


(Tenders for the Sinking and 


TESTING of a» BOREHOLE at Bdlaston, near rie 


Ashborne, Derbyshire. The Borehole will be 24-inch 
diameter reducing to 18-inch diameter, and is to be 
sunk by a Kotary ese to secure solid cores, The 
Contract includes a second and similar borehole to 
be sunk only if the first proves satisfactory on test, 

The General Conditions, by -al-yrd hedule 
and Form of Tender, prepared by Dr. H. Lapworrn, 
M.Inst.C.B., Westminster, may be obtained from 
the UNDERSI mae, on and after Monday, May 
pond on payment ot of £2, which will be returned on 
receipt 0 Tender. 

Sealed rey Bee olka “Tender for Edlaston 
Boring,” to be sent hen UNDERSIGNED not later 
than Monday, May 18% 

The Council do not tina themseves to accept the 
lowest or any Tender. 
D. POWELL, 

Surveyor tothe Council, 
Council Offices, 
Ashborneé, Derbyshire. H 95 





THE. SOUTH INDIAN RAILWAY COMPANY, 
LIMITED. 


The Directors are prepared to recéive 


lenders for the Supply 


oe Pon IngrTsS AND eee etc, 
‘2. BLECTRIC OVERHEAD ‘TRAVELLING 


CRANE. 
Specifications und Forms of Tender will beavailable 
at the Company's Offices, 91, Petty France, 


Wes Sassen! WL, 

T ed to the Chairman and Directors 
of the South Indian Railway Company. imited, | ® 
marked, “ Tender for Points aud C .” or as 
the case may be, must be left with the u oe ned 
— —_ than Twelve Noon, on Friday, the 22nd 


Mk Dt ‘Directors ~ ae: ae themselves to accept 
- = or @ 
charges wh A in not be returned, will be 
BE. of 10s. foreach copy of saan No, 1, and 
ae 58 hte beg the, Braw Specification No. 2. 
wings may be obtained at the 
Offiens of th Canpeay » Consulting Engineers, 
Messrs, Roncet W. ‘HITE & Pinrares, ot 8, Victoria 
a | Street, Westminster, ptt 


Petty France, §.W.. 
me Doth Apatl, 1988. 
ERSTE AREER 
APPOINTMENTS OPEN. 





SHE UNIVERSITY. OF SHEFFIELD. 
ASSISTANT Lucrg HIP IN CIVIL 


“The Council are about to 


oint an Assistant Lecturer 


ang 
1 - 
ey ee 
ua! 'ystem for Univer 
S a contri f approximately 10 per og 
— from the Department and’6 per cent, 
Preference will be given, other things b 
praesent ph men.—. Toe Must beg 


m._ the Laboratory, and 
be recetved Feceved ty the DIEKOTOR National ) 
idington, not later than May@ 





anted Assistant to We 


Soe itey ceresbarel os ne 
works, near ust be a capable. 
— cal — << able to control labour, 8. 


have ex ence of m 
Papdpetican in an be os ye Bary expo 
ex . a ag 
ELL 


BT. Kathe at Ba 
 BxenrnEaine ‘Cox., Lrp,, Motherwell. 





COVENTRY BDUCATION OCOMMTI 
MUNICIPAL arenes INSTI 


W orksh op Instructor 
QUIRED in Mechanical Engin 


Separhinaat: Candidates must be ¢ 
lecturing on, and giving paige in, up 
machine shop men £350 per. ai 
Form of ap nen, whieh, must be 
duly cotgyloced, Sy May 18th, and -p; 
appointment may be obtained from the unders 
on receipt of a seed Tt addressed foolsca) eat i 
say te H. L BARE : 
‘tor of Kduc 
Council House, . 
Coventry. 





anted, by a Large Wa 


n Engl 
svrmmstanbixa TRSPRCTOR — D 
bp loyment—about, 35 years of age. & 
ve habits, adden and health, 
eaguataten pinmbing 
fittings and Seatieeee in large b 
trade éestabl ents, as wellas in private ho 
capable ofadvising consumersthereon, A thor 
knowledge of. waste detection in mains 
service pipes and fittings is essential. 
mu‘t ‘also have a thorough mechanical know 
of meters and be capable of supervising repairs! 
to. The Wf gh blag ner neptiaves will also be 
supervise (2000 meters) an 
the meter (a oy ¢ trom wh white accounts are mas 
e will a er ecm for the © 
nor of Waste is ile (now nine in ni 
irers, etc., an 


repa d hey 
required to reside on the Company's prem 
e duty outside office hours terol 
Company's Mains Superintendent, and 4 
Parsing Ay and sy — pesing at st 
rising yearly incrementsots 
#400, with house, rent and rates free, less 5 per 
annual contribution to the Company's Super 
ation Fund, the joining of which is com 


not later than May 23rd next 
e on 8 obtainable after = t 
application.— Address, H 901, Offices of Engr ; 





SUNDERLAND — OOMN 


THR TROHNICAL COLLEGE, 
Department of ft Mechanical En 


The Committee invite 


pplications for the Posit 
one SINR te tot ta 
onours and hav fe had good | 
office and works ex ae 
The standard of the full-time day cou 


required for an pononee University deg 
courses (T. 


the part-time ev: : 
o uanie for Senior and A wr gy Metros * scented 0 
marine age ide offices and 
district, 


in all types of prime 
steam is desirable. There are Pee a 
advanced Structures, Hydraulics. etc. 
fautery Fanondlany This Scale ig 
reconsideration fn ——s the Burnham Awan 
actin wear 
Monday, 


forms can be obtained 
should be returned n0t i 
Kaucation Offi 
John §' 


119%. cunpuer & 
-28na April, 1925. ° 


Ohief Education 
ivil aince:. ‘Ble 4 
Mechanical, REQUIRER! 
: r Ministry Works and 
, Ira. Candidates mu 


not. — than 386 yeart 





or Institution . 
according toe 


eee ze a ce 
dnl 


as 8 











of 


~~ e 
c 
* 
~ of 
~ 
/ 
c 
« 
sy 
a 
- 
« 
~ 
=< 





May I, 1925.] 
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AN INTERNATIONAL COMPARISON 
OF ENGINEERING WAGES. 


Prior to the war the fluctuation of wages in the 
British engineering industry followed the fluctua- 
tions in the prosperity of the industry as determined 
principally by unemployment statistics. During 
the war this criterion was superseded by the cost of 
living index figure, owing to the necessity for 
adjusting the discrepancy between the real and 
nominal value of wages during the period of violent 
rice fluctuations. For the last two years the 
cost-of-living figure has remained comparatively 
stable, apart from regular seasonal fluctuations, 
while the unemployment percentage has ceased to 
be a reliable criterion owing to the extensive 
artificial measures undertaken by the Government, 
the municipalities, and individual concerns, for the 

of giving employment which would not 
be available under the free play of economic forces. 

In these circumstances, it is not remarkable that 
the need is being felt for some new guide for the 
adjustment of engineering wages in what may now 
be safely termed the “new normal” post-war 
conditions. Public interest has been drawn to 
this question intermittently by the protracted 
negotiations between the two parties in the industry, 
which have now been in progress for nearly a year, 
and are not yet terminated. Latterly, it has given 
rise to a great deal of discussion in the press and 
in Parliament, especial prominence being given 
to the contrast between the wages paid in sheltered 
and unsheltered industries on the one hand, and 
to the inadequacy of engineering wage rates com- 

with pre-war rates when measured by the 
cost-of-living index on the other. 

With regard to the latter point, it may be well 
to emphasise that in an industry such as engineering, 
with its extensive application of payment by 
results and its generous working conditions, a 
comparison of wage rates with the cost-of-living 
index is misleading. The total earnings of the 
workpeople, the sum which the workman takes home 
at the end of the week, is the sum out of which he 
has to defray his expenses, and it need hardly be 
said that this sum greatly exceeds the bare-wage 
tates. An investigation from an extensive sample 
of representative engineering firms recently made 
on this basis shows that these average earnings have 
risen in approximately equal ratio to the cost 
of living since 1914—in other words the standard 
of living of the British engineer, as gauged by real 
monetary earnings, has not fallen absolutely since 
1914, in spite of the reduction of the working week 
from 53} to 47 hours. This is a matter for no 
small satisfaction, having regard to the necessity 
of discharging interest on war debt each year 
out of a smaller volume of production than in 
1913—a necessity which can only result in the 
reduction of the standard of living of the nation 
a8 a whole. 

Relatively to those engaged in other industries 
the status of engineers has, however, undergone 
amaterial change. Broadly speaking, the sheltered 
trades have improved their position relatively to 
engineering to such an extent that the latter 
industry is losing its former attractiveness to the 
best type of recruit. This dangerous tendency 
sould be arrested either by lowering the wages of 
sheltered industries or raising those of the engineer- 
ing industry. Of these alternatives, the first 
Presents very great difficulty owing to the power of 
organised labour in the sheltered trades to suspend 
essential public services. A readjustment on these 
lines to the pre-war relation could, therefore only 
follow a re-orientation of public opinion. In 
any case, the assessment of the relative value of 
the respective contributions to national pro- 
ductivity of, say, a railway porter and a skilled 
Sngineer, is a complicated question involving many 
arbitrary assumptions. 

The second alternative—that of increasing engi- 
Reering wages—which may seem easy enough to a 
Superficial view, would be of doubtful expediency. 
It 18 certainly a delusion to suppose that an increase 
™M nominal wages would necessarily mean an 
Morease in real wages. On the contrary, if the 

ase were on an uneconomic basis, it would 
Merely raise the cost of living. This would not 





benefit the people in receipt of wages, while the 
resulting increase in the cost of production and 
consequently selling prices, would reduce the 
competitive power of the industry and thereby 
employment. Again, an increase of wages in a 
depressed industry such as engineering would 
be the signal for further increases in sheltered 
industries, which, on the face of it, would leave the 
position as it was before. 

There is perhaps a danger to-day that in the 
contemplation of these rival difficulties in the realm 
of expediency, the merits of the case are being lost 
sight of. If so, it will be useful to draw attention 
to the underlying economic factors which cannot 
ultimately be ignored. In one of the valuable 
series of pronouncements made by Mr. W. L. 
Hichens recently, the following passage occurs :— 

“*T do not see how in the long run we could pay 
higher wages than other countries unless we have 
some natural advantage such as cheaper coal, or 
cheaper iron ore, or superior mechanical devices, or a 
protective tariff which would cover a big home 
market such as they have in the United States. 
We have not got, comparatively speaking, a big 
home market ; therefore a protective tariff would 
probably do us no good. Nor would it be said that 
we have greater natural resources, better machinery, 
superior organisation, or a more industrious popula- 
tion than our rivals, In the long run it seems to 
me that the wages and hours of work must tend 
towards equality in the various manufacturing 
countries.” 

Of the soundness of these conclusions there can 
really be no question. If, then, engineering wages 
and hours in this country were, competitively 
speaking, less advantageous than or even equal to 
those abroad, any sound and enduring solution of 
the “relativity”? problem must come otherwise 
than by increasing engineering wages. In that 
event it becomes of the first importance that public 
attention should be directed to the facts of the 
case, and a comparison of international wages 
assumes more than an academic interest. 

For the purposes of such an international com- 
parison wages may conveniently be considered in 
two main aspects—their competitive value and their 
purchasing value. The competitive value of wages 
may be defined as the comparative cost of labour 
per hour worked in one country in relation to that 
in another. This, of course, is the aspect which 
primarily affects the employer. The purchasing 
value of wages is their value to the workmen in 
enabling him to purchase the necessaries of exist- 
ence. But each of these aspects of wages reacts 
upon the other, since the fluctuation of wages in 
an unsheltered industry in any country are bounded 
on one side by the ability of the industry to pay, 
having regard to competitive conditions, and on 
the other by the minimum standard of living 
acceptable to the workpeople which cannot, in any 
event, be lower than the level necessary for sub- 
sistence. For a proper international comparison it 
is, therefore, necessary to ascertain both the com- 
petitive and the purchasing values of wages in the 
various countries covered by the investigation. 

For both of these purposes the total earnings of 
workpeople as opposed to rates of wages would be 
desirable for an accurate comparison, since in the 
case of purchasing value it is the total earnings 
which decide the purchasing power of the work- 
men and in the case of competitive value it is the 
sum of the total earnings of all the workpeople 
which makes up the labour cost of production. 
Unfortunately earnings figures are not at present 
compiled in many of the principal engineering 
countries. It is therefore necessary to make use 
of wage rates for the purpose in view. If the ratio 
of wage rates to earnings was identical in the various 
countries, this would be a matter of small import- 
ance, but from such data as is available there 
appears to be some variation. In view of this 
factor, accuracy within narrow limits cannot be 
claimed for the conclusions but the error is certainly 
not great enough seriously to impair their validity. 

Comparison of the Purchase Power of Engineering 
Wages.—The value of a comparison of the pur- 
chasing power of engineering wages is subject to 
certain limitations. Firstly, in order to make the 
comparison at all, it is necessary to take some 





common denominator—in this case the price of 


‘commodities which make up the normal budget of 


the British workman and to assess the purchasing 
power of wages in different countries in relation 
to that cost in those countries. Actually, of course, 
the component elements of the budgets of the work- 
people in different countries vary considerably. 
Again, an incalculable element is introduced in the 
variation in the ability of housewives in different 
countries to make use of a given amount of pur- 
chasing power. Finally, the comparability within 
narrow limits of the index figures of the cost of 
living in the various countries is itself open to 
question. For practical purposes these technical 
difficulties may be disregarded as in the Board of 
Trade investigation on this subject undertaken in 
1905. From the results of that investigation the 
purchasing power of wages in the five countries 
investigated before the war was as follows :— 

TABLE I.—Comparative Purchasing Power of Engineering 

Wages before the War. 
(Ratio Great Britain = 100.) 





Purchasing Power 


Nominal Hourly 
Rate. of Wages. 
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At the present time the wide discrepancies be- 
tween the internal and external purchasing power 
of the various currencies and the impossibility of 
assessing them makes it necessary to go back to 
this pre-war ratio and re-calculate the purchasing 
power of present wages from that basis. The 
method is best explained by the following example : 

The present hourly wage rate of a skilled engineer 
in France is 3-45 francs. The cost of living index 
figure in France (1914 = 100) is 377. Consequently, 
the equivalent of the present wage in 1914 would 
have been aoe or 0-91 francs. Converted 
into English money at the pre-war rate of exchange 
(25-321 francs to the £), this becomes 8-7d. But 
since, as we have seen in Table I that the cost of 
living in pre-war France was 14 per cent. higher 
than in pre-war Great Britain, the equivalent of 
8-7d. in France at that time would have been 
7-6d. in Britain. Now the cost of living index 
figure in this country in December, 1924, was 
180 (1914 = 100). Therefore, the sum giving equal 
purchasing power ir Great Britain in December, 


1924, to that of 7-6d. in 1914 = 7°10 


13-7d. The present rate of a skilled engineer in 
reat Britain is 14-5d. The ratio of the real wages 
of a British engineer to that of a French engineer 
is, therefore, as 14-5d. is to 13-7d., or as 100 to 
94-5. Applying this method to the other countries 
for which data are available, the following result 
is obtained :— 

TaBLeE II.—Comparative Purchasing Power of Engineering 

Wages in December, 1924. 
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From a comparison of Tables I and II it will 
be seen that while the United States has enormously 
improved its position relatively to this country 
since before the war, an improvement has also 
taken place in the relationship of the other countries 
for which a comparison is made. In the case of 
France, the standard of living of her engineering 
workpeople has nearly reached our own. Belgium 
and Germany have also made an improvement, 
but are still approximately 25 per cent. below the 
British level. The willingness or ability of the 
workpeople of these important competitive coun- 
tries to put up with this state of affairs is in itself 
a vital point. 

(Z'o be continued.) 
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THE REGULATION OF THE MURRAY 
RIVER. 
(Continued from page 470.) 

In our last section we dealt with the standard 
type of lock which had been adopted in connection 
with the weirs on the Murray, and dealt particularly | 
with that constructed at Torrumbarry, the farthest | 
work up-river of all comprised in the present pro- | 
gramme. We now propose to describe the weir at | 
the same place, being indebted for the drawings, &c., | 
and particulars of this to Mr. J. S. Dethridge, 
M.Inst.C.E., Commissioner for Victoria, who was 
responsible for the design. In this instance, as 
already recorded, it was decided not to adopt the 
Boulé or other type of weir involving parts per- 
manently fixed under water, or concrete obstructions 
in the fairway. The consequence has been the 
evolution of what we believe to be an altogether 
novel design, which we illustrate in Figs. 52 to 86, on 
Plate XXXIV, which accompanies our issue of this 
week, and on this and the opposite pages. Briefly 
stated, the weir consists of a series of movable 
trestles placed across the fairway when water has to 
be held up, but drawn out of the channel up a long 
ramp when the flow of the river at time of flood is 
sufficiently great for the weir to be dispensed with. 
The final design was worked out after extended 
model experiments at Werribee. Before entering 
upon a detailed description we may perhaps refer to 
Figs. 25 and 50, on pages 468 and 470, of our last 
article. Of these the plan, Fig. 25, shows the lock 
on the left side of the new channel made for the 
river, cutting out a large loop. The weir is shown 
in position across the channel, while to the right will 
be observed the long ramp and platform up and 
on to which the weir trestles are drawn when not in 
use. The view Fig. 99, on page 546, shows the trestles 
in place in the stream, while Figs. 98, 100 and 101, 
on that page, give otet views of the trestles to which 
we shall refer in detail subsequently. An elevation 
looking down stream is shown in Fig. 54, Plate 
XXXIV, where the general features referred to will be 
again recognised. To the right of the lock is a fairway 
of 327 ft. 3 in., closed by 14 trestle units. After a 
short vertical curve at the right-hand abutment wall 
comes the ramp, 187 ft. long, curving off at the 
top into a level stretch of 312 ft. Figs. 52 to 68, 
Plate XXXIV, all relate to the fixed structure. 
The depth of the upper pool is 16 ft. and the differ- 
ence in level between the upper and lower pools 
when the next lower weir is completed will be 12 ft. 
As this work is not yet built, the Torrumbarry weir 
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Fig. 79. New CHANNEL IN FLoop. 


holds up at present a head of 15 ft. 6 in. This it 
has done quite successfully for two seasons. For 
the whole of this stretch of river there was no 
possibility of securing good foundations for the 
structure and the site was finally settled by the 
levels required for navigation, and the command 
of the irrigation area, referred to in our last article. 

A section down the channel and across the work 
is given to a small scale in Fig. 53, while broken 
sections to an enlarged scale are shown in Figs. 52 
and 56. Fig. 53 shows the whole length of the new 
channel cut across the neck of the loop. At the 
left is the old down-stream river bed into which the 
new cut debouches. At the right is the old up- 
stream bed and channel cut oft by a piling and 
earthen dam with a crest level of 290 R.L. The 
sections in Figs. 52, 53 and 56 are all taken looking 
towards the ramp or slideway. In order to prevent 
risk of excessive leakage through the sandy forma- 
tion beneath the stratum of clay on which the 
structure rests, the approach channel of the navigable 
pass was lined with reinforced concrete for a distance 
of 221 ft.. terminating in a row of steel sheet piling. 
Reinforced concrete was also carried from the weir 
down stream for a distance of 201 ft., ending with a 
row of triple-lap timber piling. Thus any percola- 
tion water, when the weir is in operation, without 
allowance for deviation by the piling, or interception 
by the drainage system under the weir, would have 
to travel a distance of 422 ft. before it could pass 
from the up-stream to the down-stream pool. 

The position of the lines of piling is shown in 
Figs. 52 and 53. The thickness of the concrete 
platform or raft, on the actual line of the weir, 
is 3 ft. This stretches over a distance of 43 ft. 6 in. 
Upstream of this is a run of 30 ft. having a thickness 
of 1 ft., beyond which again 6-in. concrete extends 
for 172 ft. 6 in. to the upstream piling. At the 
weir the reinforcement is of }-in. rods arranged 
in 12-in. grids ; for the rest upstream the reinforce- 
ment is of %-in. rods placed in the same manner. 





For the last 16 ft. the concrete is laid on a 4 to | 
slope, the bottom of the approach channel being 
at 265 R.L., while the weir floor is at 269 R.L. 
Down stream of the weir the concrete protection 
consists of a run of 80 ft. of 2 ft. thickness, after 
which it is reduced for 20 ft. to 1 ft. thick, following 
which is 30 ft. only 6in. thick. For the last 46 ft. 
the thickness is again increased to 1 ft., ending 
with a sloping section, inclined at 4: 1, and finishing 
at the down-stream piling at 260 R.L. Beyond 
this is 40 ft. of boulder pitching. The reinforcement 
for all the down-stream end, save the 30-ft. length 
6 in. thick, is of }-in. rod. For the 6-in. thickness 
3-in. rods are used; the spacing transversely and 
longitudinally is 12 in. The platform at the weir 
itself is arranged with a sunk ledge 1 ft. 5 in. deep. 
This is formed by sloping the floor down from 
normal floor level to the depth named in a length 
of 17 ft. 9} in. This ledge is shown in Figs. 52, 
56 and 66. It runs completely across the bed, 
ending at the lock structure on the left side and 
at the work shown in plan in Fig. 57, on the right 
side. 

As will be seen the latter consists of two walls 
at right angles, in front of one of which the — 
floor is continued up a ramp on which three rails 
are laid. The arm extending down stream of - 
weir is shown in elevation in Figs. 52 and 56, an 

in section in Figs. 60 and 61. It is carried to : 
height of 17 ft. above the sill level, and is steppe 

at the back from 10 ft. at the base to 4 ft. 4m. 
at the top. The positions of these sections are 
given, both in Figs. 56 and 57. Fig. 58 is a wre) 
along the ramp on the line DD in Figs. 56 an¢ 9! 
Cross sections of the ramp and wall are shown bs 
Figs. 62 and 63 at points also indicated in ee ‘. 
and 58. The ramp is of concrete 12 in. rs 
reinforced with }-in. rods in the form of 12-in. “ 
The wing wall is 10 ft. wide at the base and 8 ft. om 
thick for the upper part near the river veers 
vision is made for a footway sloping to 4 © 
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4 ft. 6 in. below the coping, and diminishing to the 
stepped section shown in Fig. 63 further up the ramp, 
Tunning out finally into a wall 4 ft. 4 in. thick. 
The earthwork surrounding the structure is all 
raised to 287 R.L. On the down-stream side of 
the weir the wall top is finished with a 2:1 slope. 
This sweeps round into a 4:1 slope for the bank 
as shown in Fig. 57, the reinforced concrete 
protection for this bank being shown in detail 
in Fig. 55. It is laid 6 in. thick, and ends in 
a 5-ft. flat at the top and a 4-ft. sunk wall. On 
the up-stream side the bank of the channel is 
similarly protected, while further away from the 
weir, as at the section HH, Fig. 56, the 6-in. 
flooring is also run up the slope at the same thickness 
as shown in Fig. 59. Facing the ramp the earth- 
work is finished to a 2:1 slope, with reinforced 
‘oncrete protection as shown in Figs. 62 and 63. 
’ As indicated above, the ramp runs out into the 
evel stretches at 269 R.L. and 288-5 R.L. by 
means of vertical curves. The weir floor is laid 
with three lines of inverted flat-bottom 60-Ib. 
tails spaced 5 ft. 10} in. apart as shown in 
66, &c. These rails are carried up the ramp 
and end in a timber track laid on 9 in. by 4 in. 
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by 15 ft. sleepers. A section of this is shown in 
Fig. 64. The left-hand abutment of the weir is 
shown in Figs. 65 to 68. Here the weir ends in 
the lock wall, a section of which is given in Fig. 67, 
the lock chamber being on the left and the weir 
on the right of the wall, which has a width of 
14 ft. 9in. This section is taken on DD, Fig. 66, 
which shows the wall face. Let into the face is 
a slanting slot to take the flash board ends of the 
last trestle unit (see Fig. 65). A plan of this abut- 
ment is shown in Fig. 68; this indicates the rail 
tracks laid in the floor, and also the system of 9-in. 
drainage laid under the weir floor and rising to 
the surface on the down-stream side, as shown in 
Fig. 66. 

The movable units are illustrated in Figs. 69 to 
79, and also in the views, Figs. 98 to 101, on page 546. 
Referring first to the latter, Fig. 98 shows a unit on 
the weir floor during the construction operations 
in the dry. Incidentally this view also shows the 
lock wall abutment and the slanting groove referred 
to above. Fig. 99 shows the complete weir in 
position across the channel. Fig. 100 shows a 
unit being hauled into position across the channel, 
while Fig. 101 shows all the units hauled up out of 
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the channel on to the track described above. The 
main features of the units will be readily gathered 
from Figs. 69 to 73. There are fourteen of these 
units. All are 24ft.long. They each consist of four 
vertical triangular frames, built up on a base of 
6in. by 5in. by 25 1b. joists. The vertical triangular 
frames are also of similar sized joists and of 60-lb. 
rails, and 5 in. by 4in. by }in. tees. The upstream 
face slopes at 45 deg. so that stability of the trestles 
under water pressure is assured without reliance 
upon the weight of the structure. Each unit is 
carried on fifteen small wheels running upon the 
three lines of 60-lb. inverted rails embedded in the 
weir floor. Four horizontal wheels also run along 
the 18-in. vertical face of the ledge. The load 
on the unit is transmitted vertically and horizontally 
to the weir platform through these wheels. The 
manner in which the wheels are carried in the 
frames will be clear from Figs. 69 to 71, while 
greater detail regarding the wheels running on the 
vertical face is given in Figs. 74 to 76 on page 532. 
and for those running on the weir floor in Figs. 77 
and 78. The wheels are of cast iron and 18 in. in 
diameter by 4 in. face. 

For the lower 4 ft. of vertical height the 
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flashboards are fixed. They are made of 12 in. by 
5 in. red gum. This fixed planking is provided 
in order to ensure pressure on to the floor and 
against the ledge, being exerted as soon as the unit 
enters the water. Above this height the facing is 
of movable ba.s from 14 ft. to 18 ft. long and 34 in. 
square. Through one end of each bar a }-in. pin 
is driven so as to project ? in. from one side. In 
placing bars in position the ends with these pins 
are slid down a slot formed in every alternate 
trestle frame. When this end has been pushed down 
as far as it will go the bar is lowered sideways 
and forced down into its proper position, when they 
overlap as shown in Fig. 72. In the view repro- 
duced in Fig. 98, bars will be seen being tried in 
position during erection. The projecting ends of 
the bars are not restrained in any way except. by 
the effect of the water pressure. An advantage of 
this free end type of bar is that no fitting is needed 
as is necessary with panels guided in slots. No 
difficulty has been experienced either in removing 
or in placing these bars in position for the regulation 
of the river. At the left hand abutment the end 
of the bars are placed in the sloping slot in the 
concrete wall, already referred to, and shown in 
Figs. 65 and 66. 

When the river is in flood, as shown in Fig. 79, 
the trestle units are kept on the track at the top 
of the ramp. When it becomes necessary to hold 
up the water, for navigation or irrigation, the 
units are hauled one by one into the river bed, 
along the track and ledge, by a steam winch and 
endless cable gear, extending right across the fair- 
way from the ramp to a sheave on the lock wall. 
Fig. 100 shows one of the units being hauled into 
position. The tower to be seen in all the views 
we reproduced was, however, one used only for 
construction purposes. 

A closing section is placed at the right hand 
end, to prevent water escaping through the end 
of the trestle framework. This closing section 
is shown in place in Fig. 99, page 546, and in detail 
in Figs. 80 to 86, page 533. It is of timber with 
iron straps, &c. Fig. 82 is a section taken in line 
with the track, the end trestle unit being shown 
dotted to the left of that drawing. The closing 
section consists of a triangular wall of planking 
carried by a vertical frame of quartering, and a 























f 


se hee 





Fig. 97. Dam in CoursE OF CONSTRUCTION. 


floor frame, partly planked on the level and partly 
on the slope. The floor timbers are finished on the 
underside to a curve of 200 ft. radius so as to fit 
snugly down to the floor on the vertical curve 
where the ramp commences to rise. The design 
of this section is such that the water pressure 
holds it well up to the end trestle frame, hard down 
on to the floor, and also close up to the wall. This 
unit has no wheels. 

When all the trestles are in position the necessary 
stop bars are placed in position from the gangway 
running along the top of the structure. When, 
with the approach of the flood season regulation 
is not required, the bars are removed and the units 
are hauled out of the channel one by one. Fig. 99 
shows the trestles ready for hauling out. The 
operation of placing and withdrawing the trestles 
and bars each occupy about 40 hours with a gang 
of six men. Before the trestles are placed the 
weir floor is scraped with a drag made of 60-lb. 








rail drawn backwards and forwards in the groove 
by the winch and wire cable. So far the weir has 
given every satisfaction in service through two 
seasons of flood. 

When construction work on the Torrumbarry 
weir and lock was completed, to bring it into use 
after construction in the dry it was necessary 
to divert the river from its original channel round 
the bend into the weir bed, which had been 
cut for it. This was accomplished, by placing 
the "dam shown in Fig. 25, page 468 ante, 
across the original channel. This work is illus- 
trated in Figs. 87 to 97, on this page. A sec 
tion of the channel is shown in Fig. 87, and & 
small plan of the part involved in Fig. 96, = 
old channel curving off in this to the right while 
the approach to the weir runs off the top of the 
figure. The first work consisted in contours 
a timber bridge across the bed, as shown in ie 
and 88, and in the view reproduced in Fig. %- 
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On the up stream side of this a row of steel sheet 
piling was then driven. Details of the piling used 
are shown in Fig. 92. Support for this was given 
by the bridge, and, in addition, 14-anchor cables 
were run from the bridge piles on to the left bank 
of the new channel, as shown in Fig. 96 and in 
Figs. 88 to 90. Stone protection was placed under 
the bridge, as indicated in Fig. 88. As the river 


bed was considerably lower than the sill of the: 


weir, it was necessary to leave openings in the 
diversion work for the passage of the water, while 
the piling was being driven. This was arranged 
for by cutting the alternate sheet piles into two 
sections. After driving these together, the upper 
parts were withdrawn slightly, allowing the water 
to pass through the openings thus formed without 
producing scour. Piles thus raised can be seen 
to the right of Fig. 97. When the line of sheet 
piling was complete, and all other work was ready, 
the half-piles were quickly driven home and the 
water was allowed to rise and flow down the new 
channel over the navigable pass of the weir. 

The next stage of the operations is indicated in 
Fig. 90, and consisted in forming a bund across 
the river on the down stream side, and also filling 
in on the up-stream side of the row of piling. 
The down stream bund corresponded with the 
intended position of the toe of the completed work. 
The pool between it and the upstream filling was 
then pumped out, and the stone protection under 
the bridge removed. Subsequently, filling proceeded 
until the earthwork assumed the final form up to 
273 R.L., the timber bridge being removed as the 
work proceeded, and the up-stream face being 
pitched with rock on a 4: 1 slope. The height 
at this stage was sufficient to take care of normal 
summer flow. The next stage (Fig. 93) consisted 
in completing the steel piling to 290 R.L., and the 
whole work was finished, as shown in Fig. 94, by 
filling to the same level, the top of the up-stream 
side being faced to a pitched slope of 2}: 1, and 
the down-stream faced to slopes of 3: 1 and 2: 1. 

In the opening article of this series we stated 
that the works on the Murray for the stretches for 
which it forms the boundary between New South 
Wales and Victoria, were to be constructed jointly 
by these two States. Actually it has been found 
more convenient to make rather different arrange- 
ments. Except for the Hume reservoir the works 
have been built either by one State or the other 
as has happened to be convenient from the 
proximity of important townships on one side or 
the other of the river. Thus the Torrumbarry 
weir and works near Mildura, in Victoria, have 
been in the hands of that State, while New South 
Wales is undertaking works near Wentworth, thus 
securing in all these cases reasonable transport 
facilities, &c. The joint work on the Hume 
reservoir will be dealt with in our next article. 


(To be continued.) 
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The History of Munitions Supply in Canada, 1914-1918. 
By Daviv Carnxgoig, C.B.E., M.Inst.C.E., &c. Hon. 
Colonel Canadian Militia; Ordnance Adviser of Shell 
Committee and Imperial Munitions Board. London 
Longmans, Green and Co. 1926. [Price 18s. net.] 

Tae policy pursued by the military authorities 

in this country during the Great War tended 

to the suppression of all information concerning the 
organisation of the munitions service and the extent 
ot production. Doubtless there were good grounds 
for this extreme reticence, but it was attended by 
the unfortunate result that few were able to appre- 
tate the exertions made by expert and amateur 
workers, and to recognise the wealth of patriotism 
~ ae een that were rendered without stint, and, 
re eared, in many cases accepted without reward. 

is well, therefore, that, after a considerable lapse 

time that enables a correct perspective view to 

— of a period of fierce excitement when 

Me tons were misrepresented by passion and dis- 

«sie without Teason or evidence, that Canada, 
© laboured with feverish energy on behalf of the 
re should put out a plain statement of what 

achieved, in face of many difficulties, to furnish 
* army with the munitions of war. Great as 





was this contribution in many directions, great 
as was the sacrifice Canada accepted in equipping 
the contingent of men and officers—a contingent 
which, it will be remembered on a momentous 
occasion, “‘ saved the situation,”—far greater is the 
demand on our gratitude and recognition for the 
readiness with which all classes devoted themselves 
to the common end of attaining victory, and with 
it assuring national security. 

It is fitting that we should know from one 
intimately connected with the whole machinery 
of production what this nation, small in numbers, 
but rich in patriotism, energy and resource, did 
effect in the provision of shells, cartridge cases, 
fuses, explosives, ships, aeroplanes and other 
munitions of war, that unfailingly fed our armies 
on sea and land throughout the long contest. 
Carefully compiled statistics may enable one to 
follow, and in some faint measure to grasp, what 
was achieved by indefatigable energy and unfailing 
resource. But a greater effort of imagination is 
necessary to estimate the ingenuity and organisa- 
tion which brought to a successful issue, enterprises 
that had never been attempted in the Dominion. 
Basic open-hearth steel, or a very satisfactory 
substitute, was obtained from the red hematite 
ores. The necessary plant for the production of 
high explosives was evolved, and methods of 
manufacture initiated. The wooded slopes of the 
Pacific coast were searched for suitable timber 
for the construction of aeroplanes, and the noblest 
trees were devoted to the purpose; flying corps 
arose as by magic and aeroplanes were carried over 
the Atlantic by the thousand; steel ships were 
built on the Atlantic coast, and wooden craft on 
the Pacific. The catalogue might run on indefinitely 
and not be exhausted, for the whole country appears 
to have been turned into an arsenal, where men and 
women vied with each other to leave nothing un- 
done to enable the soldiers of the Empire to meet 
the foe with a balance of advantage on their side. 

Canada, let us remember, is an agricultural 
country ; the ambition of her sons is to cultivate the 
soil, and their pride, as their reward, is in the golden 
grain and fruit-laden orchards that adorn her wide- 
spread plains. What induced a nation so nurtured 
in peace and husbandry to adopt the martial 
attitude and to maintain it with courage and 
determination to the end? The arsenals were 
insignificant, military display had never excited 
the people, and the raw materials for munitions 
were supplied by the United States. At the earliest 
requests from the Home Government it was indeed 
still necessary to purchase some of the needed 
materials from that country. From this necessity 
arose the insinuation that the United States were 
exploiting the needs of Canada and the Empire 
to their own advantage. There is no evidence of 
such profiteering here, and fears that were enter- 
tained both at home and in the Dominion, that 
public opinion and German interests might force 
the United States Government to place an embargo 
on certain indispensable goods, were equally 
groundless. It would be doing the author an 
injustice if we omitted to direct attention to his 
generous acknowledgments of the ready assistance 
rendered by the manufacturers of the United States. 
“ Those,”’ says Colonel Carnegie, “‘ who had actually 
to deal with the Americans know the fine type of 
men who stepped in at great risk and supplied 
machinery, tools, gauges, as well as materials in 
1914,” and that at a time when the German fires 
burned fiercely in the hotels of New York, Pennsyl- 
vania and even Chicago. 

There is little use in entering into statistics 
because we cannot understand what is meant by 
millions and hundreds of millions. The point we 
want to make is that feverish earnestness animated 
all classes ; men and women, trained and untrained, 
threw themselves into the task of production. Of 
course, Col. Carnegie deals amply with both the 
statistical and the financial side, and in so doing 
makes it clear that the huge task was made possible 
only through the happy combination of employers 
and employed, engaged on the work, each giving 
to the other loyal and mutual aid. Incidentally we 
may note that the enormous mass of shell and 
projectiles did not prove so deadly as in the old 





days, when the forces engaged were smaller and 


arms of precision as we understand the term were 
unknown. In the time of Marshal Saxe and such 
heroes, it was said that it took a man’s weight in 
lead to kill him, but from the weight of projectiles 
furnished from the Canadian centre alone, it is 
evident that a very great proportion fell harmlessly 
among the foe. The main outcome can be put in 
the words of Sir Sam Hughes, who pointed out, 
that under the energetic and intelligent control of 
Sir A. Bertram, “‘the result had been nearly 400 
million dollars worth of business for Canada : 
100,000 Canadian workmen trained to be skilled ; 
millions of shells to the front; the furnishing an 
example and model for all lands; prosperity in 
Canada and not one law suit.” 

This last clause emphasises the self-denial and 
generous response from all sides which characterised 
the undertaking. Friction there may have been, 
and notwithstanding the author’s recital, we fail 
to understand why the Shell Committee was 
deposed in favour of the Imperial Munitions Board. 
It is to be feared that there was some heartburning 
over the substitution and implied disapproval of 
some who had worked earnestly, when the strain 
was at its worst and the demand keenest. But 
under the tactful guidance of Mr. W. L. Hitchens, 
the reconstitution proved that the more the person- 
nel changed, the more it was the same thing—one in 
loyalty, and devotion, in determination and achieve- 
ment. 

Another side of this warlike display may be 
glanced at with advantage. Canada was not 
without compensations. Her natural resources 
advanced in a most encouraging’manner, in fact, at 
a percentage rate that exceeded that of any produc- 
ing nation. Her capacity to produce steel and 
whatever was necessary for the prosecution of the 
war was amply demonstrated and the scientific 
knowledge acquired remains a very permanent 
asset. The value of hydro-electric power was 
shown by the demands made upon it, and its 
influence as a factor in manufacture is reflected in 
the national development. The country grew to 
manhood and learnt what it could achieve. An 
impetus was given to many operations, especially 
in metallurgy, as the output of copper, nickel, zinc 
aluminium, antimony, &c., amply demonstrates. 





Nickel andits Alloys. Circular of the United States Bureau 


of Standards. o. 100. Department of Commerce, 

Washington. 2nd Edition. Revised May 9, 1924. 

[Price 40 cents.] 

In the course of his speech delivered at the opening 
of the Empire Mining and Metallurgical Congress 
on June 3, of last year, the President, Viscount Long, 
stated that nickel was a metal which had been 
much discussed during the war because of our failure 
to control the entire refining of the nickel ore output 
of the Empire. An overwhelming proportion of 
this metal was made in Canada, and in the last 
years of the war, when production rose to the record 
figure of 46,253 short tons, the Dominion’s con- 
tribution was 87 per cent. of the total output of 
the world. Last year Canada contributed 69 per 
cent. and New Caledonia 25 per cent. of the world’s 
total. In Canada numerous deposits of nickel ore 
are known, but only the nickeliferous pyrrhotite 
deposits of Ontario have as yet been worked. The 
deposits of the Sudbury region on the north side 
of Lake Huron are the largest and richest in the 
world. ‘The ores as mined contain an average 
of 3°09 per cent. of nickel and 2°12 per cent. of 
copper. The bulk of the refining is now done 
locally, a result due to the war. A conservative 
estimate of the proved ore in 1916, published by the 
Ontario Nickel Commission, placed the total at 
70,000,000 tons, with a further 80,000,000 tons 
probable. 

We referred to nickel and its ores in our issue 
for January 25 of last year, when dealing with a 
publication by the Mineral Resources Committee 
of the Imperial Institute giving data on the nickel 
ore resources throughout the Empire and on the 
uses of the metal. Another publication of a similar 
nature is the work mentioned in the title above, the 
object of which is to group together the information 
which the American Bureau of Standards has made 
available as a result of its tests and investigations, 





and to record at the same time the information to 
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be gathered from work done outside the United 
States. ; 

This compilation says that the principal industrial 
use of nickel is in the manufacture of nickel-steel, 
this industry having absorbed fully 75 per cent. of 
the total nickel production during the war. The 
normal consumption for the manufacture of nickel- 
steel amounts to about 65 per cent. In regard 
to nickel-steel reference is made to the paper read 
before the Iron and Steel Institute by the late 
Mr. James Riley in May, 1889, a paper which 
was based on preliminary researches carried out in 
France, indicated the possibility of manufacturing 
nickel-steel on a large scale in the open-hearth 


furnace, and created much interest at the time | 


amongst metallurgists, engineers and naval archi- 
tects in this country. When this paper by 
Mr. Riley is quoted reference should also be made 
to the discussion which it gave rise to. In this, 
the late Mr. J. F. Hall, of Messrs. William Jessop 
and Sons, Sheffield, took part, and stated that he 
had been working for a long time before 1889 
at the manufacture of nickel-steel in the crucible ; 
he had been granted letters-patent at the begin- 
ning of 1888 for the use of nickel in steel from 
2-5 to 50 per cent. He had manufactured gun 
barrels of nickel-steel, and out of a series of four 
propeller blades he had made one of that alloy, 
the three others being of ordinary steel to compare 
them together for corrosion. Further, it is on 
record that the tentative manufacture of nickel- 
steel on a large scale in the open-hearth furnace 
commenced in France in June, 1888; regular 
manufacture started there in March, 1889, before 
the date of Mr. Riley’s paper. In this connection 
it may be interesting to recall that armour plate 
firing trials took place at Annapolis, U.S., in 
September 20 to 22, 1890, of a French nickel- 
steel plate, a French “‘all-steel’’ plate and a 


abrasion. 
for nine months, whereas cast-iron shoes last no 
more than from six to eight weeks. Nickel 
steel supports in furnaces for large advertisement 
sheet enamelling, where great cleanliness is an'@ pa 
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compound one. The nickel-steel plate gave the 
best: results. 

The work under notice enters in detail into the 
non-ferrous alloys of nickel, about 15 per cent. of 
the world’s production of the metal being used in 
the manufacture of these alloys, such as cupro- 
nickel and nickel-silver. It also gives particulars 
concerning malleable nickel for rolling into sheets 


or rods, and for drawing into wire ; 5 per cent. of | 


the world’s production is used in this way, all 
malleable nickel before casting into ingots being 
treated with some deoxidiser, generally magnesium. 
Nickel castings have been used with great success 
as rabble shoes in calcining furnaces for roasting 
nickel matte ; the shoes are exposed to oxidising 
and sulphurising gases at temperatures ranging 
from 600 to 1,000 deg. C., and to severe mechanical 
They have stood up to this service 
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essential condition, would, we believe prove 2 
success if not already used in that trade, in the 
place of ordinary iron supports. 

A large amount of information is also given 
on the various patent non-ferrous nickel alloys 
this, together with a most complete bibliographical 
index, renders the compilation of special value. 





THE MASTRACOAL BRIQUETTING 
PROCESS. 


THE practice of forming coal dust, and other 
similar refuse fuels, into blocks or briquettes, which 
can be conveniently handled and burnt in furnaces 
or in open grates, has been carried on for many 
years, and has developed into an important 
industry, notably in South Wales. The coal -_ 
is usually mixed with a certain proportion of pite 
or with some proprietary binding material of a 
similar character, heated by steam and stirred in 
ddle mill, and then delivered to a briquetting 
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machine, in which the heated mixture is formed 


imprisoned steam, and it is by no means uncommon 
for them to break up if exposed to the weather 
for long. Trouble is also occasioned to users by 
the fact that briquettes sometimes fall to. pieces 
in the fire as soon as the outer shell has been 
consumed, the pressure applied during manufacture, 
or the proportion of binder employed, having been 
insufficient thoroughly to consolidate the interior. 
The process which we now propose to describe, 
known as the Mastracoal process, has for its 
object the production of briquettes free from the 
above-mentioned defects, as well as the reduction 
of the proportion of binding material used to a mini- 
mum. ‘The process has been introduced by Messrs. 
Macnab Stratified Coal, Limited, 119, Victoria- 
street, Westminster, S.W.1, and the plant, which 
we illustrate in Figs. 1 to 7, on this and the opposite 
Pages, and on page 538, was designed by Mr. J. S. 
aactioon, of that company. It is installed, for 
ration purposes, at the works of Messrs. 
i, D. Peters and Co., Limited, Slough, who under- 
took its construction. 
Ds essential feature of the process is that the 
~ ust, after being mixed with binder and heated 
é steam in the ordinary way, is delivered into 
* eey of the briquetting machine, and there 
: oes to a violent vibratory motion while 
=. slight pressure from a weight resting on 
ohne the material. The effect is, apparently, to 
hl 'e grains and larger fragments to move 
atively to each other so that they fit closely 





aC 





| together and the voids are completely filled. The 
into blocks under considerable mechanical pressure. | close contact of the particles brought about in this 
Unless this operation is carried out with due care, | way, it is claimed, enables satisfactory briquettes to 
the briquettes are found not infrequently to burst | be produced with a smaller proportion of binder 
open when released from the moulds of the | than is required for briquetting by pressure alone, 
briquetting press, owing to the expansion of the| and, moreover, since the vibration affects the 


whole of the material in the mould, the central 
portion is thoroughly consolidated. This is shown 
in Fig. 7 on page 538, which illustrates a briquette 
made by the Mastracoal process, and afterwards 
split into two equal parts. This particular briquette 
was made from Durham steam coal, with 6 per 
cent. of pitch. 

Drawings of the briquetting machine are repro- 
duced in Figs. 1 to 3, while Figs. 4 to 6 illustrate 
the complete demonstration plant at Slough. The 
arrangements used for supplying the machine with 
raw material and for the delivery of the finished 
briquettes call for no special comment, as they 
would naturally differ in particular installations 
in accordance with the quantities handled and the 
requirements of cach case. In the demonstration 
plant, the coal dust and broken pitch are dumped 
into the hopper shown in Fig. 5, and delivered by 
a bucket elevator into a paddle mill mounted 
above the machine. The mill is supplied with 
steam at a pressure of 100 lb. per square inch, 
sup2rheated to 500 deg. F., which heats the material 
and melts the pitch, the whole being continuously 
stirred by the rotating paddles. From an adjustable 
sliding door in the bottom of the mill the mixed 
material falls continuously into a hopper shown 
in Fig. 3, and at the bottom of this hopper is 
a rectangular measuring box, the capacity’ of 
which is about equal to that of the mould 
of the briquetting machine. The bottom of the 
box is fixed, but once in every cycle of opera- 
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tions involved in the production of a briquette, 
the sides are moved forward, i.e., to the left 
in Fig. 3, so as to deliver the contents on to 
an inclined reciprocating chute clearly shown in 
the illustration. The bottom of the hopper is 
closed when the box moves forward by a hori- 
zontal steel plate attached to the back of the box 
as shown, in order to prevent the material in 
the hopper from falling out. The reciprocating 
motion of the inclined chute on to which the 
measured quantity of mixed material falls, serves 
to assist the movement of the material down the 
chute which delivers it into the mould of the 
briquetting machine, and also to facilitate the 
escape of any free steam from the mixture. Guide 
plates are fitted on the upper edges of the mould 
proper as shown in Fig. 3, and also in Fig. 1. 

From the latter it will be seen that the sides of 
the mould are formed by steel box castings and 
that the moulds, two of which are provided for each 
briquetting unit, are mounted on a table supported 
on rollers running in pedestals bolted to the bed of 
the machine. The front and back of the mould are 
formed by cast-steel plates fixed to the bed of the 
machine, and the bottom, in each case, is formed by 
a loose plate of gun-metal of the section illustrated 
in Fig. 1. At an appropriate moment in the 
cycle of operations, the table is moved laterally to 
bring an empty mould under one of the heads of the 
machine and to allow the finished briquette, which 
has been formed as we shall shortly explain, to be 
pushed out. An inspection of Figs. 1 and 3 will 
show that the bottom plates of the moulds are 
each fitted with four short steel rods, which pass 
down through holes in the table, and, when the 
mould is in position under the head of the machine, 
these rods rest on the ends of four vertical steel 
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ms. | course, rotates in the reverse direction while the 
| plunger is falling, being driven by the rack. It 
plungers attached to a hardened-steel plate. The | and similar to but heavier than the bottom plate, is | will also be noticed from Figs. 1 and 3, that a heavy 
latter bears on a cam mounted on a splined shaft | allowed to fall on to the material in the mould so as | cast-iron weight is fitted on the four rods connecting 
running in the bedplate of the machine, and, by | to compress it. | the upper plate of the mould to the plunger, the 
sliding the cam along the shaft, a vertical vibratory! As will be seen in Figs. 1 and 3, the top plate is | weight sliding freely on the rods and being supported 
motion can be imparted to the plungers and con-| connected by four rods to a rectangular plunger, | by helical springs encircling them. Four rods, also 
sequently to the bottom plate of the mould. The| on one side of which a toothed rack is fixed. The passing freely through holes near the corners of 
cam, it should be noted, is supported in half|rack engages with a pinion on an overhead shaft,|the weight, are provided as shown to guide its 
bearings which rest on the bedplate and slide | shown in Figs. 1, 2 and 3, and this shaft is driven | movement. 
along the latter when the cam is moved, in order | through a coil clutch which is automatically engaged | * Having now described the essential features of the 
to relieve the shaft of bending stresses. The | and disengaged in the course of the cycle of opera-| machine we may explain the series of operations 
vibratory motion is in operation while the mould is | tions, so as to raise the plunger of each unit alter- | involved in the production of a briquette, referring 
being filled, and when the filling is complete the | nately and then allow it to fall together with the | to one unit only, although it will be understood that 
top plate of the mould, which is also of gun-metal | upper plate of the mould; the driving shaft, of | the operations are carried out simultaneously on ea‘ h 
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unit. The first operation is the moving forward 
of the measuring box to deliver the material into 
the inclined chute, and at the same time that this 
movement is made the cam on the shaft in the bed- 
plate is moved along to set the bottom plate of the 
mould vibrating. When the mould is filled, the 
upper plate, together with the plunger and spring- 
supported weight, falls, and comes to rest on the 
material in the mould, compressing it by the kinetic 
energy and deadweight of the falling parts; the 
pressure due to the weight, it may be mentioned, 
amounts to 4 or 5 lb. per sq. in., as compared 
with a pressure of 2 or more tons per sq. in. 
employed in an ordinary briquetting press. The 
vibratory motion of the bottom plate, which still 
continues, is transmitted through the material in 
the mould, causing the upper plate also to vibrate, 
but the vibration of the latter is resisted and a steady 
pressure maintained for a few seconds by the 
weight acting through the helical springs. The top 
plate and the weight are then raised clear of the 
mould and guide plates, and the cam operating the 
vibratory motion of the bottom plate is moved clear 
sideways so that the motion ceases. The travelling 
table carrying the moulds is afterwards moved later- 
ally by rack and pinion gearing to bring the mould 
containing the finished briquette opposite one of 
three pusher plates shown between, and on each 
side of, the two units in Fig.1. Finally, the pusher 
plates are moved forward delivering the briquette 
on to one of the short roller tables, clearly shown 
in Fig. 4, opposite. In the demonstration 
plant, the briquettes are removed by hand for 
cooling and stacking, but in a working installation 
some more convenient and expeditious and method 
of handling them would, of course, be adopted. 
The forward movement of the pusher plate, it may 
be mentioned, coincides with that of the measuring 
box, so that as one briquette is delivered the filling 
of another mould is commenced, the cycle of 
operations, which takes about 20 seconds, being 
carried on continuously. The briquettes are 
delivered alternately on opposite sides of each unit, 
and, in the two-unit machine illustrated, are 
produced at the rate of about 9 tons per hour. For 
commercial work, however, four-unit machines 
would be supplied with double the above-mentioned 
capacity. ; 

The briquettes produced at the demonstration 
plant weigh from 50 lb. to 56 lb. each, measuring 
l4 in. by 12 in. by 7} in., such large briquettes being 
more difficult to consolidate thoroughly by the 
processes in common use than are smaller ones. 
The moulds can, however, be readily subdivided to 
produce briquettes of any smaller weight or shape. 
Another method by which briquettes of compara- 
tively small weights and dimensions can be produced 
is shown fitted to the machine illustrated in Fig. 1. 
As there shown, the back plate of the mould is 
slotted and a set of seven vertical knives mounted 
on the pusher-plate operating gear is arranged so 
that the knives can pass through the slots into the 
mould, dividing it into eight equal parts. The 
knives are in position while the mould is being 
filled and while the contents are being vibrated, 
but are withdrawn before the top plate is allowed to 
fall. Their effect is to produce planes of cleavage 
in the finished briquettes, which can thus be broken 
up locally for consumption more readily than would 
otherwise be the case. 

The machine illustrated is driven by a 12-h.p. 
motor, but about 50 h.p. would be required for the 
operation of a complete four-unit plant, including 
the elevators, conveyors, &. The driving arrange- 
ments can be followed from Figs. 1 to 3 and from 
Fig. 6, opposite, with but little explanation. The 
belt pulley on the right of Fig. 3 runs at 75 r.p.m., 
and the shaft on which it is mounted is connected 
by belt, as shown, to a pulley driving the recipro- 
cating chute by means of a crank. The camshaft 
8 Separately driven by belt, as shown in Fig. 1, the 
shaft running at 300 r.p.m., and the lateral movement 
of the cams is effected by a rocking lever, crank, 
and push rod, from a cam slot on the side of a drum 
driven by reduction gearing from the main driving 
shaft ; the arrangements are most clearly shown in 
Fig. 3. On the periphery of this drum, is a cam 
operating the pusher plates and feed boxes simulta- 


for sound castings, with which the densities of indus 
trially manufactured chill- or sand-castings could be 
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mounted ; the chain can be distinguished in Fig. 5. 
A wide range of fuels, including anthracite 


African coal, Australian brown coal, Spanish lignite 


binder varying from 6 per cent. by weight in. the 
case of bituminous coal to 12 per cent. with coke 
breeze. The resulting briquettes, it is claimed, 
give satisfactory results for boiler firing, including 
locomotive boilers, and also burn well in open 
grates, the large briquettes, of course, being broken 
up by hand for the latter purpose. To test their 
resistance to shock, briquettes weighing 50 lb. each 
and made from Durham steam coal with 7 per cent. 
of soft medium pitch as binder, were dropped from 
a height of 8 ft. on to a solid concrete floor. The 
portion remaining on a screen with 2-in. openings 
was dropped again, and the process of dropping 
and screening alternately in this way was repeated 
four times. As a result of this treatment, the 
proportion of fragments exceeding 2 in. in dimen- 
sions amounted to 80 per cent., this portion having 
been dropped four times in all. The remainder 
consisted of 8 per cent. of between }-in. and 2-in. 
size and 12 per cent. of smaller fragments and dust. 
In compression tests the same briquettes have been 
found to fracture along straight lines at a load giving 
a stress of about 250 lb. per square inch, and other 
tests have shown the porosity to be considerably 
less at the centre than at the surface. 
Briquettes exposed for several weeks in an open 
yard in very wet weather, we understand, have 
shown no signs of disintegration. As a further test 
of the weathering properties, a briquette made from 
Scotch coal with 8 per cent. of binder, which had 
been immersed in water for about 8 weeks, was 
placed, at our suggestion, in a refrigerator and 
there maintained at a temperature of 28 deg. F. 
for four days and nights. It was then removed 
and thawed out without crumbling or splitting 
either generally or on the surface, the briquette, in 
fact, remaining in the same condition as it was 
before freezing. This would appear to indicate that 
very little water had been able to penetrate below 
the surface of the briquette during the course of 
the long immersion to which it had been subjected. 
In conclusion, we may mention that a number of 
briquetting plants, on the system described above, 
are now being put down in different Continental 
countries for operation on a commercial scale. 





THE DENSITY AND CONSTITUTION 
OF THE INDUSTRIAL BRASSES.* 


By G. L. Baruzy, M.Sc., A.I.C., and R. GenpErs, 
M.B.E., M.Met., F.I.C. 


Communication from the Research Department, 
Woolwich. 


THE significance of density has been considerably 
widened as the result of recent progress made towards 
the delineation of the internal structure of crystals. 
From the practical, as well as the theoretical point of 
view, however, knowledge of the densities of metals and 
alloys is becoming increasingly important, since it 
provides means for a quantitative measure of un- 
soundness in castings and of net volume change in 
heat-treated alloys. 

Little work has been directed to the density of the 
brasses, and the majority of the records available are of 
doubtful accuracy and show little agreement. A 
detailed summary of the earlier work has been given by 
Bamford,t who carried out a comprehensive series of 
determinations on chill- and sand-cast brasses. Bam- 
ford’s results were intended to serve as standard values 


compared, and were determined with a high degree of 





* Paper read before the Institute of Metals on 


the moulds is obtained from a rack connected to a 
reciprocating yoke, the rack engaging with a pinion 
which drives the pinion of the table-operating gear 
through a pair of bevel gears. The overhead gear 
controlling the rise and fall of the plungers and 
top plates of the moulds is separately driven. by 
belt from the line shafting, but the clutch-operating 
mechanism of this gear is driven by chain from the 
shaft on which the cam drum, above referred to, is 


breaker duff, bituminous coal, coke breeze, South 


and washery slurry, has been successfully briquetted 
at the demonstration plant, the proportion of pitch 


accuracy. The main point of criticism of the work'was 
that some uncertainty existed as to whether the samples 
used were perfectly sound, and that the state of the 
alloys relative to equilibrium was not defined. 

The authors have made extensive use of the density 
method of determining the degree of unsoundness in 
brass castings containing between 65 and 75 per cent. 
copper, and during the course of their work have 
found many instances where the density of a casting has 
been slightly higher than the value interpolated from 
Bamford’s figures. It was also observed that, in some 
cases, a sample of rolled annealed strip was lower in 
density than parts of the ingot from which it was rolled. 
On annealing.the original density cylinders from the 
ingot, the density fell to that of the strip, or below. 
On quenching samples of the strip, the density rose 
to a value above that of the original chill-cast. ingot. 
A few selected results, given in Table I, show the type 
of variation which occurred. The ingots had been 
chill-cast, and contained 8 which p ean on 
annealing, and it. was apparently this alteration in 
constitution which gave rise to the fall in. density. 
It was evident that standard values for sound chill- 
cast brass must be limited in application unless definite 
conditions could be laid down. 

Taste I.—Variation in Density between Rolled Annealed 
Strip and Original Ingot and the Effect of Heat. Treatment. 











Density of Strip. Density of Ingot. 
Copper a) 
Per pale 
cent. Annealed Quenched Es nneale 
500 deg. C. | 800 deg. C.| hilll-Cast. | 550 deg. c. 
64-6 8-393 8-441 8-429 8-398 
64-6 8-380 8-443 — — 
62-6 8-358 8-416 8-394 8-377 
62-6 8-361 8-426 — — 
62-2 8-367 8-418 8-402 8-377 
62-2 8-360 8-413 _ _ 
61-9 8-353 8-412 8-388 8-354 
61-9 8-363 8-414 — — 

















The research now described was undertaken with the 
object of establishing, with accuracy, the crystal density 
of the copper-zinc alloys over the range of composition 
used industrially, and to determine the effect of change 
in constitution on density, with particular reference to 
the alteration in volume involved in the change of 
to a. 

Preparation of Materials.—Ingots 9 in. by 2 in. by 1 in. 
in dimensions of alloys made from B.E.R. copper 
(99-977 per cent. copper) and electrolytic zinc (99-952 
per cent. zinc) were carefully cast.in iron moulds. The 
seven compositions used (Table II, p. 540) covered the 
range 90 to 52 per cent. copper ; the steps were widely 
spaced over the copper-rich alloys, and more narrowly 
spaced over the range 70 to 60 per cent. copper. Each 
ingot was rolled without annealing to a slab measuring 
12 in. by 2-3 in. by 0-6 in., from which transverse sec- 
tions were cut and turned to cylinders 0-5 in. in diameter 
and 1-5 in. in length. Sections from the ingots, as 
cast, showed no visible signs of unsoundness. It was 
considered advisable, however, to apply a small 
amount of cold-work in order to ensure the absence of 
cavities. The rolling applied was insufficient sensibly 
to affect the density apart from the removal of un- 
soundness, and the observed densities may therefore 
be taken to indicate the values given by perfectly 
sound chill-castings. Chemical analyses were made on 
samples from the top and bottom of each slab. 

In order to extend the series to pure copper, avail- 
able samples of a pure alloy, in the form of rolled 
annealed strip, which contained 96-5 per cent. copper, 
and of an exceptionally pure copper strip (99-987 per 
cent. copper), were utilised. 

Micro-examination, carried out on a number of sec- 

tions from each slab, showed a cored a structure in the 

alloys above 71 per cent. copper. Below that com- 

position 8 was present, increasing in amount as the 
copper content decreased. The 52 per cent. alloy 

consisted solely of 8. 

Determination of Density.—The usual method of 
weighing in air and water was used. All the necessary 

precautions, such as the elimination of air from the 

distilled water and from the surface of the specimen 

during immersion, the swinging of the balance from a 

set position, &c., were observed, and the values for 


density were calculated according to the generally 
adopted formula : 


™ 
A= "Q-N+r 


The figures given represent the absolute density in 


grms. per ¢.c. 


Duplicate determinations could be made on the same 


specimen at different times to within an accuracy of 
0-002 absolute value, and the determinations on a 
number of specimens were checked in another labo- 
ratory. These agreed with the author’s values within 
an average difference of 0-002, with a maximum differ- 








neously, and the lateral motion of the table carrying 


+t See ENGINEERING, vol. cxii, page 585. 


ence, on one specimen, of 0-004. The figures given in 
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the present paper may be taken to be subject to an 


experimental error of 0-002 absolute value. 

In Table II. are given the summarised results for the 
individual densities of the whole of the cylinders from 
each of the slabs. The variation shown is extremely 
‘small, on the average of the order of 0-003, or 0-001 
greater than the experimental error. 

A uniform practice was made of employing duplicate 
specimens of each ingot for each experimental treat- 
ment and subsequent density determination. In no 
case did the values differ by an amount appreciably 
greater than the experimental error. Each figure given 
is the mean of the duplicate tests. 


TaBLE JII.—Composition and Density of Experimental 








Specimens. 

Copper Content | Numbers of | Average Density of} Maximum 
of Ingot. linders |Cylinders(Castand| Difference. 
Per cent. ested. | Rolled Condition). 

99-99 2 8-938 0-000 
96-50 2 8-886 0-003 
90-00 10 8-795 0-002 
80-20 10 8-657 0-006 
70-00 10 8-512 0-004 
65-20 18 8-457 0-003 
62-00 17 8-410 0-002 
59-80 18 8-382 0-002 
51-70 10 8-292 0-003 




















Lg. 1. DENSITY OF COPPER-ZING ALLOYS CHILI-CAST 
& ROLLED & AFTER ANNEALING TO EQUILIBRIUM. 
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When heat-treatment had been applied to a cylinder, 
the surface layer, to a depth of 0-01 in., was turned off 
before making the density determination. 


EXPERIMENTAL WoRK. 

1. The Density of the Alloys in Equilibrium.—As in 
the work on the a-phase boundary by R. Genders and 
G. L. Bailey, varying treatments were used to obtain 
equilibrium conditions in the different alloys. The 
alloys containing more than 71 per cent. of copper 
were annealed at 700 deg. C. for 1 hour, and those 
containing from 70 to 63 per cent. copper at 550 deg. 
to 500 deg. C. for periods varying from 4 hours to 
several days. The 59-8 per cent. alloy was annealed 
at 500 deg. C. for six weeks. The results of density 
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The results are given as a curve in Fig. 1. Below 
71 per cent. copper, a double curve is shown enclosing 
@ range of variable density, which apparently repre- 
sents the possible variation in density producible by 
varying degrees of chill. The point shown at 71 per 
cent. copper (density, 8-522) was obtained by deter- 
minations on a sample of commercial strip. 

2. The Density of the Quenched Alloys.—The upper 
curve in Fig. 1, however, does not represent the 
maximum density possible, since the chilling effect 
could not be assumed to have suppressed entirely 
the formation of a after solidification. Specimens 
of the alloys below 71 per cent. copper were therefore 





1g.3.DIAGRAM SHOWING EFFECT ON DENSITY 
SUCCESSIVE TREATMENTS GIVEN IN . 

DIFFERENT ORDERS TO THREE SETS OF DUPLICATE. 

SPECIMENS. 


Castand Rolled 











determinations after trxatment are given in Table III. 
Above a copper content of 71 A vd cent., the density of 
the alloys is not sensibly changed from that representing 
the chill-cast condition, and it may be assumed, there- 
fore, that the coring due to rapid cooling through 
the freezing range is without effect on the net density 
value. Where the alloys, as originally cast, contained 8, 
the change from the chill-cast state to equilibrium 
had produced a fall in density, increasing with increase 
in the proportion of 8 in the cast alloy to a maximum 
of 0-06 at a composition of 65 per cent. copper, and 
tending to decrease again with further decrease of the 
copper content. The pure § alloy (52 per cent. copper) 
showed no appreciable change in deat, whether 
quenched in water from 700 deg. C. or slowly cooled to 
300 deg. C. at a rate of 10 deg. C. per minute. 
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ig.4. DIAGRAM SHOWING EFFECT ON DENSITY 
OF SUCCESSIVE TREATMENTS GIVEN IN 
DIFFERENT ORDERS TO THREE SETS OF DUPLICATE 


iE 








G 
per Cent “ENGINEERING 





Copper 


TaBLE+III.— Results showing theDensity of the Alloys 
in Equilibrium, and the..Reversibility of the Fall in 
Density brought about by Annealing. 


(0962.0) 








Density Density Quench- | Density 
Copper | Density. after after ing after 
Content.) As Cast | Anneal- | Quenching Tem- Quench- 
Per and ing to from Cast | perature. ing 
cent. Rolled. | Equili- | and Rolled | Deg. C. | Annealed 
brium. | Condition. aterial 
99-99 8-983 8-933 — — _ 
96-50 — 8-886 —- — 
90-00 8-795 8-793 os — — 
80-20 8-657 8-654 a —_ _ 
70-00 8-512 8-500 a — _ 
65-20 8-457 8-400 8-456 820 8-453 
62-00 8-410 8-368 8-424 820 8-420 
59-80 8-382 8-370* 8-397 820 8-398 
51-70 8-292 8-294 8-298 700 _ 




















* This specimen was not completely in equilibrium. 


quenched after heating at 820 deg. C. for 45 minutes, 
and the density determined. The results are given 
in Table III, and in the open scale curve Fig. 2, extend- 
ing the variable range above the “ chill-cast ” curve. 
A number of specimens, the density of which had been 
reduced by annealing from the cast and rolled state, 
were also given the above quenching treatment. 
The result was a rise in density to about the same 
value as that obtained by quenching the alloy direct 
from the original state. These results are included 
in Table III. In Fig. 2 are also included a number 
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of density determinations on apparently sound portions 
of chill-cast ingots made in a mould of internal dimen. 
sions 12 in. by 6 in. by 1 in. These results are in close 
agreement with the “ chill-cast ” curve. 

The limiting composition at which 8 can appear 
in a chill-cast brass appears to be between 70 and 7] per 
cent. copper. In order to ascertain whether the curve 
above a content of 71 per cent, copper could be raised 
by drastic chilling, a small quantity of molten brass 
containing 72 per cent. copper was poured into cold 
water. Micro-examination of the material showed a 
very small quantity of 8, and it was concluded that 
even under abnormal conditions of casting, the curve 
as given in Fig. 1 for compositions down to 71 per 
cent. copper, held good, 

There did not appear, however, to be any consti. 
tutional reason for the rapid bend of the equilibrium 
curve below 71 per cent. copper, well within the 
range of the a phase, and further experiments were 
carried out with a view to arriving at an explanation 
of this peculiarity. 

3. Investigation of the Alloys showing a Variable 
Range of Density.—Ingots of alloys containing 63 
and 64 per cent. copper were cast and rolled as pre. 
viously described. Duplicate specimens of each were 
first quenched, and were found to have densities lying 
on the uppper curve of the variable range (Fig. 2). 
Annealing of the quenched specimens at 500 deg. C, 
produced a fall in density, but not sufficiently large 
to bring the values down to the lower curve (Fig. 2), 
Specimens of the same ingots, annealed direct from the 
‘as cast and rolled ” state, fell in density to positions 
near the lower curve, some just above and some below, 
The difference between these positions and the curve, 
although small, suggested the advisability of further 
working the specimens to ascertain whether the lack 
of agreement had been due to local unsoundness. The 
specimens were accordingly compressed statically to 
about 33 per cent. of the former length. This treat- 
ment gave the unexpected result of increasing the 








density to a value well above the lower curve and near 


Fig. 9 . DENSITY OF THE GOPPER-ZINC ALLOYS. 
3-0 
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6962.£) Copper per Cent. 
Norts.—For the alloys containing between 71 and 
52 per cent. copper two curves are shown, the 
lower representing the density of the sound alloys 
in equilibrium, and the upper curve giving the 
maximum density attainable by chill-casting or 
quenching. 
the “ chill-cast ” curve. Similar results were obtained 
by compression of specimens of the 70 and 65-2 per 
cent. alloys, which had also previously been annealed 
direct from the cast and rolled state. The results 
are shown in Table IV, p. 541. It appeared hardly 
possible that unsoundness of such extent had_ been 
present in the original specimens, especially in view of 
the fact that the fall in density on annealing was 
reversible in previous specimens by quenching. If 
unsoundness had been present it would be predicted 
that, on quenching the compressed specimens, the 
density would rise to a point above the upper curve 
of Fig. 2. After applying this treatment, however, 
the density in each case was found to coincide with 
the upper curve, no value coming above it. ’ 

Specimens of a 61-1 per cent. alloy, prepared => 
former cases, gave, after quenching, a further poi 
coinciding with the uppermost curve, and, on annealing 
at 450 deg. C., the density fell only a small amount 
to near the “chill-cast ” curve. A direct annealing 
without previous quenching produced, mawever, © 
fall in density to a point below the lowest curve. — Jn 
compression, the value rose to near the chill-cast 
curve, and, on quenching, rose further to a point on 
the uppermost curve. These results are included in 
Table IV. 

Summarising the above results, it would opp. 
that, on annealing a cast and rolled alloy containing P, 
the fall in density consequent to the change from if 
to a is accompanied by an added fall which can 
largely neutralised by compression, and may, therefore, 
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be assumed to be due to the formation of cavities, 
At the same time, the fact that quenching the annealed 
alloy can reverse the whole of the fall, suggests that the 
unsoundness is produced as a consequence of the 
constitutional change during annealing, and does not 
consist of cavities such as exist in a casting. One 
of the chief points arising from the results is that the 
lowest curve does not represent the crystal density of 
the alloys in equilibrium, as would be concluded from 
the first series of results, but a value lower than the 
true one. The probable true value is represented by 
the density given on compression after annealing to 
equilibrium. 

Investigation of the peculiar effect described above 
was made, using two new alloys, containing 65-2 and 
62-9 per cent. copper, respectively, cast in the 9 in. 
by,2 in. by 1 in. mould and rolled in the usual manner. 
In the place of cylinders, rectangular specimens 





equilibrium at 500 deg. C., and A, was rolled to a 
reduction of 50 per cent. in thickness. Specimens B, 
and B, were quenched from 820 deg. C.; B, was 
annealed and B, rolled to 50 per cent. reduction. 
Specimens C, and C, were annealed, then rolled to 
50 per cent. reduction and afterwards quenched ; 
C, was then annealed. 

The results, shown graphically in Figs. 3 and 4, 
substantially confirm the previous experiments, and 
lend support to the theory formed regarding the 
phenomenon of the production of unsoundness by 
constitutional change. They provide, also, confirma- 
tion of the previous values from annealed and com- 
pressed cylinders, and enable the curve for the crystal 
density of the alloys in equilibrium to be fixed. The 
final curve representing the crystal density of the 
whole range of alloys, and including the upper curve 
representing the density of quenched alloys in the 





Fie. 6. QuENcHED Fusz Bopy Contarnine 57:2 Per Cent. CopPER, WHICH CRACKED 
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TaBLe IV.—Effect of Compression in Raising the Density 
4 Specimens Annealed from the Cast and Rolled State. 











6 ty Density Density 
vopper | Original | Density | Density after after Re- 
Content, Condition in after Com- quenching 
Perr | of Original | Anneal- | pression of Com- 
cent. Alloy. | ¢ Jondi- ing. Annealed pressed 
tion. Cylinders. | Cylinders. 
70-0 | Castand| 8-512 8-495 8-508 _ 
“ga | rolled 
65-2 en 8-456 8-396 8-445 8-460 
| rollec 
64-0 | Cast and _ 8-362 8-432 8-436 
| rolled 
: 0 Quenched} 8-448 8-429 _ a 
2 | o_o — 8-361 8-422 8-433 
LEC 
63-2 | Quenched| 8-431 | 8-425 — _ 
61-1 Cast ond = 8-366 8-384 — 
Tollec 
61-1 | Quenched| 8-416 | 8-400 8-399 8-414 














a by 0-9 in. by 0-5 in, were prepared from the slabs, 
featu 7 object of avoiding the possible unsatisfactory 
aa. ot compression by substituting rolling treat- 
dupii or the closing of the cavities. Three sets of 
oe cate specimens of each alloy were given successive 
re een similar to those in the previous series, but 
aa ng orders. The density was determined at 
a Stage of the treatments. Specimens A, and A, 
on ve to equilibrium at 500 deg. C., and then 

hed from 820 deg. C.; A, was re-annealed to 





TaBLeE V.—Values for the Parameter of a and B. 








a. | B. 
Copper. yj 
Per Calcu- Caleu- | X-ray 
cent. lated X-ray lated | Measure- 
Den- | Cube | Measure-| Den- | Cube ment. 

















| sity. | Edge ment. sity. | Edge | (extra- 
| A. A polated). 
62-0 | 8-410 | 3-694 3-696 8-424 | 2-930 2-928 
61-1 8-400 | 3-696 3-698 8-416 | 2-932 2-930 
! ! 








variable range, is given on an open scale in Fig 5, 
The portion of the curve concerning alloys which show 
a variable density range possesses no features incom- 
patible with the constitutional diagram, providing a 
smooth continuation of the portion relating to the 
more copper-rich alloys. The curve representing 
equilibrium conditions lies a small, but distinctly 
measurable, distance below the curve for the chilled 
or quenched alloys, and, since alloys containing between 
61 and 62 per cent. copper can be obtained either as 
all a or all 8, gives over that range the net volume 
change produced by change from the cube-centred 
lattice of 8 to the face-centred lattice of a the same 
composition, By calculating from the formule given by 
Owen and Preston, values for the parameter of a and 
8 can be arrived at. These values, for compositions of 
61 and 62 per cent. copper, are given in Table V. 





The parameter values calculated from the author’s 
density results agree closely with the average X-ray 
measurements of Owen and Preston. It may be 
pointed out, however, that the agreement in duplicate 
determinations of density is much closer than that yet 
obtainable in X-ray measurements of crystal lattice. 

Conclusions.—Values have been obtained for the 
crystal density of the brasses in equilibrium over the 
range of composition used industrially. The effect of 
coring in @ brasses on the net density appears to be 
negligible; the alloys which contain 8 in the chill- 
cast state, however, have a small range of variable 
density due to the difference in density between a@ 
and 8, and the density of sound castings may vary 
according to the amount of 8 produced by the par- 
ticular conditions under which the alloy was cooled 
from the liquid state to temperatures within the region 
of 450 deg. C. 

An alloy always consisting entirely of 8, is unaffected 
in density by heat-treatment, and it is apparent that 
whatever the nature of the transformation at 470 
deg. C., either there is no accompanying volume 
change, or the transformation is not suppressed by any 
ordinary method of quenching. 

The differences which have been observed by Bam- 
ford and other workers between the densities of sand- 
and chill-castings are considered to be due to the 
presence in the sand-castings of fine porosity consisting 
of interdendrital cavities. During the slow cooling of 
an alloy through a “ pasty range,” the growth of 
primary dendrites probably leads to the entrapping 
of small volumes of liquid which on solidification leave 
cavities. In chill-casting, solidification is more direc- 
tional, and the cavities tend to be concentrated away 
from the cooling surfaces. 

A phenomenon not previously observed by the 
authors in any alloy, consisting in a reduction of 
density due to unsoundness accompanying constitu- 
tional change (8 to a), has been found to occur in the 
brasses over @ considerable range of composition. 
The unsoundness produced is removable, either by 
reversing the constitutional change (as by quenching) 
or by mechanical compression. Although only a rela- 
tively small range of density is affected by the changes 
observed, the close agreement among large numbers of 
results from several alloys leaves no doubt that the 
effect is real. The conclusion is reached that such 
** unsoundness ” cannot be of the visible type, but that 
the cavities may be of atomic dimensions. It is possible 
that they are formed at the boundaries of inclusions, or 
other metallic discontinuities, where alteration in 
crystal structure might conceivably affect contact. 
The possibility of the effect being due to gases has 
also been considered, It is not proposed, however, 
pending the results of further work, to advance an 
explanation at present. 

From a practical point of view, it is of particular 
interest that heat-treatments, involving quenching of 
the a-§ brasses and a small range of the a brasses, 
may give rise to internal stresses of considerable 
magnitude, consequent on constitutional changes taking 
place during quenching. The cracking of heat-treated 
articles which sometimes occurs, appears to be attribut- 
able to constitutional volume change rather than to the 
difference between the expansivities of the different 
constituents. 

A striking example of the type of failure which may 
occur is illustrated by the fuse-body shown in Fig. 6, 
which cracked after machining. The brass contained 
57-2 per cent. copper. Although the history of the 
specimen is unknown, @ quenching treatment had 
evidently been applied. In the outer region, the rate of 
cooling had been sufficiently rapid to retain a structure 
consisting entirely of the f solid solution. Owing to 
the considerable mass of the article, the inner region 
had cooled at an appreciably slower rate, allowing the 
formation of a quantity of the a solution accompanied 
by an expansion in volume. It is concluded that the 
resulting internal stresses were the primary cause of 
the failure. Instances such as this point to the desira- 
bility of employing a low-temperature heat-treatment 
for the removal of stress, subsequent to the quenching 
operaiion. 





FarADAy House ScHoLarsHips.—As a result of the 
Entrance Scholarships Examination, held at Faraday 
House Electrical Engineering College recently, the 
“Faraday” Scholarship of 50 guineas per annum, 
tenable for two years in college and one year in works, 
has been awarded to Mr. R. J. Hiller, of Taunton School. 
Mr. M. 8S. Hawker, of Radley College, secured the 
‘* Maxwell ”’ Scholarship of 50 guineas per annum, tenable 
for one year at college and one year in works, while 
Mr. R. P. Horlock, of Erith County School, and Mr. E. J. 
R. Kay, of Aldenham School, gained Exhibitions of 
thirty guineas per annum, tenable for one year in college 
and one year in works. An Exhibition of 20 guineas, 
tenable for one year in college and one year in works, 
was won by Mr. R. B. Barton, of Lancing College, the 
final award, an entrance prize of 20 guineas, going to 
Mr. J. E. W. Ginger, of Watford Grammar School. 
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MOTOR LIFEBOAT FOR PASSENGER 
STEAMERS. 


ALTHOUGH some of our foremost shipping companies 
have already equipped their large passenger vessels 
with motor lifeboats capable of towing, in the event 
of a disaster, a number of ordinary lifeboats, this pro- 
vision has so far been a purely voluntary one. The 
Board of Trade Statutory Rules and Orders of 1924 
relating to life-saving appliances, which come into force 
on July 1 of this year, however, make it compulsory, 
in the case of vessels carrying more than 15 lifeboats, 
that one shall be a motor-boat, and, if more than 20 
boats are carried, two shall be motor-boats; the motor- 
boats in all cases must be fitted with approved wireless- 
telegraphic installations and with searchlights. 

A standard motor lifeboat to comply with these 
requirements and ordered from the Parsons Motor 
Co., Limited, Town Quay Works, Southampton, by 
the Cunard Steamship Company, is illustrated in Figs. 
1 to 4 herewith, while in Figs. 5, 6 and 7, on page 543, 
are given a longitudinal section, a transverse section, 
and a general view, respectively, of the engine with 
which the boat is equipped. The boat, which was 
built for the Parsons Motor Company by the Despatch 
Motor and Lifeboat Company, of Southampton, is 
28 ft. in length, 8 ft. 6 in. in beam, 3 ft. 6 in, in depth, 
and has a draught of approximately 2 ft. She is carvel 
built of teak planking { in. in thickness, the keel, stem 
and stern posts, deadwoods, floors, knees and deck 
beams all being of English oak, while the decking, 
benches, thwarts, portable seats and bulkheads are of 
Oregon or Columbian pine. The engine bearers, 
floor carlins and bottom boards are of red pine. The 
general arrangement of the boat can be followed 
from Figs. 1, 2 and 3, and her appearance at sea is 
well shown in Fig. 4. A chain locker, it will be seen, 
is provided right forward, this being fitted with the 
usual chain pipe and fixings, while a suitable length of 
chain and one anchor are provided as required by the 
Board of Trade. An 8-in. coir fender is fitted all 
round the boat under the main rubbing piece, and 1}-in. 
Manila lifelines are also provided. The exterior is 
finished in the usual manner for this class of boat, the 
decks, covering boards, bulkheads, &c., being varnished. 

The wireless equipment, which consists of a 250-watt 
Siemens quenched-spark set having a 50-mile trans- 
mission range, is supplied with high-tension current 
from a motor generator operated by a battery of accu- 
mulators; the latter are kept charged from the ship’s 
mains. The apparatus, including a valve receiving set, 
is accommodated immediately aft of the chain locker 
in a small cabin which gives the operator sufficient 
room to carry out his duties. One mast for supporting 
the wireless aerial is mounted, as shown in Fig. 4, 
immediately over the operator’s cabin, the other being 
stepped at the aft end of the after cockpit. The masts 
are each 22 ft. in length and are spaced 22 ft. apart. 
When lowered, the forward mast is supported by a 
bolt at the top of the tabernacle, the foot of the mast 
projecting forward, but the after mast cannot be accom- 
modated in this way owing to the fact that the foot 
would foul the after sling hook ; it has therefore to be 
moved and secured by the lower bolt. When stowed, 
the masts lie side by side and do not project beyond 
the ends of the boat. 











Fig.3. 
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Seating accommodation for passengers is provided in 
a well forward, between the wireless cabin and engine 
cabin, and stowage space is available under the seats 
for the usual equipment of biscuits, water, condensed 
milk, &c. Aft of the engine cabin, another well pro- 
vides additional passenger accommodation. The 
steersman is located in a raised position immediately 
forward of the engine cabin, where he is well protected 
from the weather while having a clear view over the 
heads of the passengers in the forward well. A speaking 
tube provides communication between the steering 
position and the engine cabin. The latter is located 
amidships and has sufficient headroom to enable the 
engineer to remain inside. It is lighted by small 
portholes on each side and at theforwardend. V entila- 
tion is maintained by cowls at the forward and after 
ends, as shown in Figs. 1 and 4, so that the doors in the 
after end can be kept closed in bad weather, thus 
preventing the possibility of the engine being put out 
of action by sea water. : ’ 

The propelling machinery, illustrated in Figs. 5 
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to 7 opposite, consists of a standard 21-b.p., three- 
cylinder Parsons engine, starting on petrol and running 
on paraffin; its normal speed is from 850 ops > 
900r.p.m. The cylinders, which are of 4} in. bore, — 
a piston stroke of 6 in., are amply water jacketed, - 

provision is made for cleaning out the jackets, as can 
be seen in Fig. 5. The connecting rods are of ——— 
drop forged from steel and fitted with die-cast w ' a 
metal big-end bearings. The crankshaft is a solid s a 
forging, machined all over and supported in bearings 
on both sides of each crank, the bearings being also 
of die-cast white-metal. A flywheel forming one part 
of a cone clutch is fitted at the after end, the oe 
part of the clutch being connected to the epicyci¢ 
reverse gear, as shown in Fig. 5. The reverse gear, 
which is enclosed in an extension of the crank-case 
casting so as to form a single unit with the aoe is 
controlled by screw gear operated by a single a ‘ 
wheel. A length of manganese-bronze — by . 
nects the reverse gear to the propeller. _The ber 4 r 
the controls are mounted on the engine itself an 
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LETTERS TO THE EDITOR. 


HYDRO-ELECTRIC PLANT AT 
FORSHUVUDFORSEN, SWEDEN. 


To tHE Epitor oF ENGINEERING. 

Str,—In reply to the observations made by Professor 
Gibson in your issue of February 27, I beg to make the 
following remarks in my capacity as mechanical engi- 
neer on the staff of the consulting engineers, ‘‘ Vatten- 
byggnadsbyran,” who designed the whole installation. 
The readings were taken from an uncontrolled 
vacuum-gauge and from a gauging-rod, measuring the 
depth of the water-level in a small vessel communi- 
cating through a narrow pipe with the draught-tube 
opening. Heavy surges and local excess or deficiency 
of pressure in the draught-tube changing with the gate- 
opening, introduced errors which must be considerable 
in relation to the small difference measured. Thus the 
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accuracy of the measurement must not be overrated. 
The variations of different readings with the speed of 
the turbine gives a certain idea thereof. 

The investigations made afterwards were intended 
to show that no unusual losses, due, for instance, to the 
shortness of the draught-tube, the design of which did 
not agree fully with the intentions of the turbine 
makers, reduced the efficiency of the turbine. 

However, if the regain of head, according to the dia- 
gram, be regarded as a function of the velocity of the 
water leaving the runner instead of as a function of its 
normal component, the diagram is put in a less dis- 
cordant light. At the time I worked out the follow- 
ing table, based on the above very rough diagram :— 








Test number .. se ae 1 2 3 a 
Gate opening .. +. mm. 125 21 275 | 360 
ae oe ee -. I.p.m, 83-3 83-3 | 83-3 | 83-3 

acuum reading - m. 4-67 | 4-70) 4-57) 4-21 
Head oe °° es m.}+188-18 |1388-15/138-25/138 -64 
Tail water es oe m,/+138-99 |138-98/139-14/139-08 
Regain of head .. a m. 0-81 0-83) 0-89) 0-44 
Discharge oe - m/s} 30-6 | 46-4 | 58+4 | 67> 
Velocity of water— 

Normal component (c) m/s 2-2 3°37) 4-18) 4-88 

Full... oe v) m/s 9-6 6-2 4-8) 4:9 
2 
— 0°26 | 0-58] 0-89] 1-21 
2g 
as 4-7 | 1-97] 1-18] 1-21 
2g 
Efficiency of draught-tube re- 

lated to— 

c?* 

= 3°10 1-43) 1-00) 0°37 

2g 

= 0-17 | 0-43] 0-76] 0-37 

















I emphasise once more the essentially relative 
meaning of these figures. 
Yours faithfully, 
Karu T. Kutsson. 
Stockholm, April 16, 1925. 








DISTANT-READING TANK GAUGE. 
To Tur Eprror oF ENGINEERING. 

Sir,—A gauge for indicating, at a distance, the depth 
of liquid in a tank similar to thai described in ENGINEER- 
inc of January 30, page 150, was installed by me in 
our factory two years ago, and has been working since 
without stopping. It is based on the same principle 
as that of Messrs. Negretti and Zambra, and is fed with 
air from a pneumatic bag through a very small hole in 
the diaphragm placed in the ordinary valve. 

The only difference between the gauge of Messrs. 
Negretti and Zambra and mine consists in this: instead 
of a gauge with a dial, I use simply a U-shaped tube of 
glass, filled with the sime liquid as that in the tank. 
This arrangement has the advantage of simplicity and 
gives quite satisfactory results. The scale of the instru- 
ment can be easily divided experimentally to read as 
desired in weight or volume, quite independently of 
the influence of the shape of the tank, and therefore can 
be adapted to every tank, whatever its form may be. 

There is no need to remark that the instrument with 
tube shows the actual depth of the liquid, reduced 
to the temperature of the room where the'instrument 
is placed. 

Yours faithfully, 
ENGINEER W. SoKOLow. 

Moscow. Automobilfactory Amo, Simonova, 
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Prrsonat.—The firm previously known as Frank How 
and Co., manufacturers and blenders of “* Trogon ”’ oils, 
of Trogon Wharf, Stratford, London, E. 15, has now been 
transformed into a private limited liability company 
trading under the name of Frank How and Co., Limited. 
Mr. H. M. Heasman is associated as sales director with 
Mr. R. Loxley How, the principal partner.—Messrs. 
Delco-Remy and Hyatt, Limited, engineers, of 58, 
Victoria-street, London, 8.W. 1, are now conducting 
business from their recently acquired offices and works 
at 111, Grosvenor-road, S.W. 1.—The firm of John A. 
Smeeton, Limited, of 15, Victoria-street, Westminster, 
London, 8.W. 1, have been appointed sole agents for the 
Demag Company for all rolling mill and other similar 
plant. Mr. T. Fearnley Allen, of 67, Norwich Union 
Chambers, Birmingham, has been appointed agent for 
the Midland area by the former company. 





ContrActs.—Messrs. Howden Ljungstrém Preheaters 
(Land), Limited, of 133, Helen-street, Govan, Glasgow, 
have received an order to supply one preheater, having 
a heating area of 21,500 sq. ft., to Messrs. Ransome and 
Marles Bearing Company, Limited, at Newark-on-Trent. 
—Messrs. Stothert and Pitt, Limited, of Bath, have 
received an order for 27 electric jib cranes of their latest 
crank-operated, horizontal, luffing type; 19 of these 
will have a lifting capacity of 3 tons at 74 ft. 9 in., or 
1} tons at 85 ft. 9 in. radius, and the other eight cranes 
will deal with 1 ton at 48 ft. 6 in. radius. The 27 cranes, 
together with the 31 now being built by the firm, will 
form the complete crane equipment for the new Gladstone 
Dock.—Messrs. Alfred Herbert, Limited, of Coventry, 
have received a further order from the Amsterdam Elec- 
tricity authorities for the supply of four large Atritor 
unit pulverisers, each capable of treating 6,000 Ib. of 
bituminous coal per hour. These machines will fire a 
Clayton water-tube boiler having a normal evaporation 
of 154,000 lb. of water per hour.—The British Separators, 
Limited, of 14, Queen Victoria-street, London, E.C. 4, 
have secured a contract for the supply of “* Vickcen ”’ oil 
purifiers for treating both fuel and lubricating oils for 
the main Diesel engines of the oil-tank vessel being con- 
structed by the Fairfield Shipbuilding and Engineering 
Company, Limited, of Govan, for Messrs. Houlder 
Brothers.—Zrratum. In the reference to the order for 
four boilers for the Thames Board Mills, Limited, Pur- 
fleet, secured by the Vickers Spearing Boiler Company, 
Limited, of 20, Kingsway, London, W.C.2, given in our 
issue of April 17, on, 480, the combined normal 
evaporation of these boilers should have read 200,000 lb., 


NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday, 

Iron and Steel.—The position shows some improve. 
ment as compared with a week ago, due to the re. 
starting of heavy steel plant. General conditions, how. 
ever, are far from satisfactory. The most favoured 
sections of local manufacture are not working at more 
than two-thirds capacity, and the prevailing burden of 
costs is accentuated by the expense of upkeep of plant 
that is only intermittently engaged. There are still 
20,000 operatives in Sheffield alone for whom no work 
can be found. Lack of confidence in the finished branches 
reflects adversely upon the market for raw and semi. 
finished materials. Users of steel billets are disinclined 
to book far ahead, and would be assisted in meeting the 
demands of their customers if prices were reduced to 
a level comparable with those quoted by foreign steel. 
makers, but producers in South Yorkshire feel they 
cannot offer more attractive rates without prejudicing 
their position. Crucible steel is having to meet excep. 
tionally keen competition from Continental makers 
offering special terms of payment. Much of this foreign 
material is of good quality and is priced at something 
like half the local cost. One of the chief hindrances to 
arriving at more attractive rates in this district is the 
present price of melting coke, which represents an increase 
per ton of over 80 per cent., three tons of such fuel being 
required to make one ton of steel. The file trade is 
making slow headway in face of considerable difficulty. 
Orders fall thirty per cent. below the level of production 
capacity. The prohibitive tariff obtaining in the United 


file market in the world, but allows American manu- 
facturers more scope to compete in less remunerative 
markets, and, in particular, in British Colonies. Agri- 
cultural steel and castings appear to be an improving 
section, and there is an active call for garden tools, 
builder’s ironware, magnets, and automobile fittings. 


South - Yorkshire Coal Trade.—Business shows a 
certain measure of revival now the holiday influence has 
been removed, but the number of inquiries in circulation 
is disappointing, and there is keen competition for orders, 
Steam coal for export has taken on a somewhat firmer 
tone. Inland sales are maintained at a steady level at 
unchanged rates. The position in cobbles, nuts and 
slacks is mainly unchanged, supplies being more than 
ample to meet requirements. Smalls have declined an 
average of ninepence per ton. The demand for best 
housecoal shows an improvement on last week. Supplies 
of inferior grades are still abundant, despite restricted 
production. Quotations: Best branch handpicked, 
308. to 33s. ; Barnsley best Silkstone, 26s. to 27s ; Derby- 
shire best brights, 26s. 6d. to 29s. 6d. ; Derbyshire best 
house, 24s. to 26s.; Derbyshire best large nuts, 20s. to 
24s.; Derbyshire best small nuts, 14s. to 16s.; York- 
shire hards, 18s. to 22s.; Derbyshire hards, 18s. 6d. to 
22s.; Rough slacks, 10s. to 12s. 6d.; Nutty slacks, 
8s. 6d. to 10s. ; Smalls, 3s. 6d. to 5s. 6d. 








LicHTING FoR TRAFFIC ContRoL—In order to assist in 
the traffic control of one of the main roads in Leicester, 
the Superintendent of Public Lighting, Mr. Thos. Wilkie, 
acting on the instructions of the Lighting Committee, 
is erecting a spot lighting apparatus. The light will 
be mounted on a pole 30 ft. high, and the beam focussed 
on the pointsman on duty. It is hoped by this means 
to make the pointsman’s signals clear to drivers of 
vehicles and to pedestrians. This is stated to be the 
first equipment of the kind to be used in Great Britain. 





Royat Am Force Disptay.—The Air Ministry 
announces that the Royal Air Force Pageant, which 
was instituted in 1920, has now been renamed the Royal 
Air Force Display, and will take place on June 27, at 
the London Aerodrome, Hendon. H.M. The King, 
Chief of the Royal Air Force, hopes to be able to attend. 
A programme has been arranged which will introduce 
new features enabling the developments constantly 
taking place in the aerial arm to be appreciated. As in 
the case of the Royal Tournament, all the proceeds will 
be devoted to Service charities. 





TeNDERS.—It is announced by the Department of 
Overseas Trade, of 35, Old Queen-street, London, S.W. 1, 
that the Government of the Province of Buenos Aires 
have approved the estimates prepared by the Department 
of Sanitary Works for water and sewage-disposal works 
at San Fernando, to cost 659,300/.; at San Isidro, to 
cost 918,591/. ; and at Vicente Lopez, Olivos, Bartolome 
Mitre and Florida, to cost 960,211/.—Tenders are invited, 
until June 10, by the State Electricity Works at Monte- 
video, Uruguay, for the “— of six aerial transformer 
sub-stations mounted on tubular or reinforced concrete 
columns.—The Egyptian Ministry of Public Works 
invites tenders, in Egyptian currency, until July 1, 
1925, for the supply of pumping plant and motors od 
equipping a floating dock.—The Department of Public 
Works of New South Wales will receive tenders, to vs 
presented in Sydney by June 29, for the supply — 
erection of pumping machinery, ironwork, a crane = 
gantries, &c., for the Dubbo water-supply scheme.“ 
Vancouver firm desires to get into touch with Unite 
Kingdom suppliers of boilers and hot-water heating 
equipment for residences, and low-pressure steams 
heating apparatus for houses and business ewe 
for the purpose of receiving tenders.—The Municipa + 
of Pretoria, South Africa, invite tenders, until May 4, 
for the supply of a portable petrol-driven sewage-punpng 
plant. All inquiries regarding these calls for ten ers 
should be made to the Department of Overseas Trade. 








Slobodka, April 19, 1925. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Though Cleveland pig-iron 
is far from plentiful, values are by no means strong. 
Sellers are keen to negotiate and customers are backward. 
The latter report that they can satisfy their requirements 
at below recognised market quotations, but business is 
largely confined to transactions in small lots to meet 
early needs. There has been rather more business with 
Scotland, and inquiries on Continental account show some 
slight improvement, but actual overseas sales are trifling. 
No. 1 is 82s.; No. 3.g.m.b., 77s. ; No. 4 foundry, 76s. ; 
and No. 4 forge, 75s. 

Hematite.—East-Coast hematite is abundant, makers’ 
stocks being heavy. Curtailment of output by the 
suspension of operations at the two blast furnaces at 
the Thornaby Ironworks of Messrs. Whitwell and Co. 
has not strengthened the market at all. Home customers 
are acting with caution, and export buyers are placing 
few orders. Nos. 1, 2, and 3 are on sale at 82s.; and 
No. 1 is quoted 82s. 6d. 

Foreign Ore.—Imported ore is almost unsaleable. 
Market quotations remain nominal on the basis of best 
rubio at 22s. c.i.f. Tees. 

Blast-furnace Coke-—Durham blast-furnace coke is in 
only moderate request. Good average qualities are 
offered at 22s. 6d. delivered to local consumers’ works. 

Manufactured Iron and Steel.—Whilst sales of manu- 
factured iron and steel continue difficult to arrange, the 
general situation is regarded as somewhat less unsatis- 
factory than it has been. Continental competition is not 
quite so keen, but overseas inquiries are on a scale vastly 
below what could be desired. Among the principal 
market quotations are :—Common iron bars, 111. 12s. 6d. ; 
iron rivets, 141. 5s.; packing (parallel), 8/.; packing 
(tapered), 11. 10s. ; steel billets (soft), 87. 5s.; steel 
billets (medium), 97. ; steel billets (hard), 97. 10s. ; steel 
boiler plates, 127. 10s. to 131.; steel ship, bridge and 
tank plates, 87. 17s. 6d.; steel angles, 8/. 10s.; steel 
joists, 87. 10s.; heavy steel rails, 87. 10s.; black sheets 
(24-in. gauge), 112. 10s.; and galvanised corrugated 
sheets (24-in. gauge), 167. 15s. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—The position in the Scottish 
steel trade has not eased at all up to the present, and a 
general dullness still prevails, but a more hopeful feeling 
is noticeable. Little response has been made by buyers 
to the recent lower quotations, and, in many instances, 
it would seem as if buyers were in no hurry to place 
fresh business meantime. Bookings have not come up to 
expectations and there is a dearth of specifications at 
the different works. Inquiries, while better, are develop- 
ing very slowly and the conditions show little improve- 
ment. There is a fair outlet for constructional material, 
but steel for shipbuilding purposes moves only slowly. 
The works on black sheets are turning out quite a 
respectable tonnage, and order books are fairly well 
filled. Galvanised sheets continue in quite good demand, 
with export orders perhaps just a shade easier. Boiler 
plates are unchanged in price, but ship plates.and sections 
are lower by 5s. and 7s. 6d. per ton, respectively. The 
following may be taken as the current quotations :— 
Boiler plates, 127. 10s. per ton; ship plates, 9/. per ton ; 
sections, 81. 7s. 6d. per ton; and sheets, ¥ to } in., 
101. 12s. 6d. per ton, all delivered Glasgow stations. 
While these must be taken as the general standard of 
prices, favourable lines could almost certainly be done 
at lower rates. 


Malleable-Iron Trade.—There has been little move- 
ment in the malleable-iron trade of the West of Scotland 
over the week and a poor demand is reported. The 
day-to-day output is of small proportions, and it is with 
difficulty that the works are being carried on. In the 
steel re-rolling branches, business is not too plentiful, 
but, nevertheless, quite a fair amount isin hand. Prices 
are unchanged, with ‘“‘ Crown” bars at 11/. 12s. 6d.\per 
ton, delivered Glasgow. 


Scottish Pig-Iron Trade.—The demand now being 
experienced by the Scottish pig-iron makers is far from 
satisfactory, and stocks are increasing. Sales are 
difficult to effect, as inquiries are limited and the tonnage 
asked for, in most cases, is very small. An improvement 
is looked for in the demand from the steel works for 
hematite iron, but so far the freedom of action which 
the steelmakers now possess with regard to prices has 
failed to bring out much more business. Foundry 
grades are in poor request at present, and prices are a 
turn easier. The current quotations are as follow :— 
Hematite, 41. 10s. 6d. per ton, delivered at the steel 
works ; foundry iron, No 1, 4/. 10s. per ton, and No. 3, 
41, 7s, 6d. per ton, both on trucks at makers’ yards. 

Scottish — Pig-Iron Shipments—The shipments of 
Scottish pig-iron from Glasgow Harbour, for the week 
ended last Saturday, April 25, amounted to 1,480 tons. 
Of that total 1,338 tons went overseas and 142 tons 
coastwise. For the corresponding week of last year, the 
figures were 956 tons foreign and 103 tons coastwise, 
making a total shipment of 1,059 tons. 

Scottish Pig-Iron Trade Wages Reduced.—-Messrs. Kerr, 
afacleod and Macfarlan, Glasgow, have intimated to 
3 joint secretaries of the Board of Conciliation for 
: © Regulation of the Wages in the Pig-Iron Trade of 
a that they have examined the employers’ 

oks for January, February and March, 1925, and 
certify that the average net selling price is 4/. 1ls. 7d. 
~ ton. This means that there will be a reduction in 

© wages of the workmen of 1 per cent. on basic rates. 





NOTICES OF MEETINGS. 





THE Institute oF Cost AND Works ACCOUNTANTS. 
—To-day, at 10.30 a.m., at the Hotel Great Central, 
Marylebone-road, N.W. Annual Costing Conference. 
“Cost Accounting in Relation to Industrial Policy,” 
by Mr. S. L. Gill and Mr. D. L. Moran. At 2.30 p.m., 
‘* Budgetary Control,” by Mr. Perry Keene and Mr. F. T. 
Quennell. 


THE Royat Institution oF GREAT Britain.—To- 
day, at 5 p.m., at 21, Albemarle-street, W.1. Annual 
Meeting. At 9 p.m., “Crystalline Structure of Inor- 
ganic Salts,” by Professor W. L. Bragg. Monday, 
May 4, at 5 p.m., General Meeting. 

THE JuNIoR InsTITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1 Lecturette, 
** Pumps and Pumping Problems,” by Mr. A. A. Fairfax. 


Tue InstituTe or British FOUNDRYMEN: LANCA- 
SHIRE Brancu.—Saturday, May 2, at 4 p.m., at the 
College of Technology, Manchester. Lecture: “‘ The 
Importance of Venting, with special reference to Defec- 
tive Castings,” by Mr. E. Longden. 


THE Royat CoLLeGeE oF ScreNcE ASSOCIATION.— 
Monday, May 4, at 5 p.m., in the Chemical Lecture 
Theatre of the old Royal College of Science, Exhibition- 
road, South Kensington, S.W.7. Lecture: ‘“‘ Thomas 
Henry Huxley,” by Professor E. B. Poulton, F.R.S. 


THE Surveyors’ InstrruT1Ion.—Monday, May 4, at 
8 p.m., at Great George-street, S.W.1. ‘“‘ New Methods 
and Materials for Building Working-Class Dwellings,” 
by Major H. Barnes. 

THE Royat Soctrty or Arts.—Monday, May 4, at 

p-m., at John-street, Adelphi, W.C.2. Howard 
Lectures: ‘‘ Motor Fuels” (Lecture III.), by Professor 
John S. 8S. Brame, F.I.C., F.C.S. Wednesday, May 6, 
at 8p.m. Ordinary Meeting. ‘‘ Commercial Aviation,” 
by Air Vice-Marshal Sir William Sefton Brancker, K.C.B. 
Friday, May 8, at 4.30 p.m. Indian Section. ‘ Indian 
or by Sir Gilbert T. Walker, C.S.I., M.A., 
‘.R.S. 

THE INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, May 5, at 5.30 p.m., at the Royal Society of 
Arts, John-street, Adelphi, W.C.2. ‘‘Some Notes on 
eae Shut-off,” by Mr. F. G. Rappoport, M.Inst.C.E., 

G.S. 

Tue Institution oF Civit ENGINEERS.—Tuesday, 
May 5, at 6 p.m., at Great George-street, S.W.1. Thirty- 
first James Forrest Lecture: ‘“‘ Heavy Oil Engines : 
Some Outstanding Questions Relating to Large Engines 
of the Self-ignition Type,’ by Capt. H. Riall Sankey, 
C.B., Wednesday, May 6, at 6 p.m. Extra Meeting. 
Joint Meeting with the following bodies :—The Institu- 
tion of Mechanical Engineers, The Institution of Electrical 
Engineers, The Institution of Naval Architects, The 
Institute of Marine Engineers, The North-East Coast 
Institution of Engineers and Shipbuilders, The Institu- 
tion of Engineers and Shipbuilders in Scotland, &c., 
which are co-operating in the work of the Special Com- 
mittee on Tabulating the Results of Heat-Engine Trials. 
Subject to be submitted for discussion: ‘‘ A Standard 
Code for Tabulating the Results of a Heavy-Oil Engine 
Trial,’ by Mr. J. Carnaghan. 


THe InstiruTIoN or ELEctTRICAL ENGINEERS.— 
Wednesday, May 6, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Wireless Section Meeting: “ Re- 
port on Measurements made on Signal Strength at Great 
Distances during 1922 and 1923, by an Expedition sent 
to Australia,” by Capt. H. J. Round, Mr. T. L. Eckersley, 
Mr. K. Tremellen and Mr. F. L. Lunnon. 


Tue Institute oF Mretats.—Wednesday, May 6, at 
8 p.m., at the Institution of Mechanical Engineers, 
Storey’s-gate, 8.W.1. Fifteenth Annual May Lecture : 
‘*The Motion of Electricity in Metals,’’ by Professor 
Dr. H. A, Lorentz. 


Tue Iron AND STEEL INstiTuTE.—Annual Meeting, 
Thursday, May 7, and Friday, May 8, at the Institution 
of Civil Engineers, Great George-street, 8.W.1. Thurs- 
day, May 7, at 10 a.m. Presentation of the Bessemer 
Medal to Professor Thomas Turner. Presidential Address 
by Sir Frederick Mills. Papers to be read and dis- 
cussed :—‘‘ Progress in British Rolling Mill Practice,” 
by Mr. T. W. Hand. ‘Flakes’ or ‘ Hair Cracks’ in 
Chromium Steel, with a discussion on ‘ Shattered Zones’ 
and ‘ Transverse Fissures ’ in Rails,” by Mr. A. Hultgren. 
At 2.30 p.m., ‘‘ The Detection of Strain in Mild Steels,” 
by Mr. T. Henry Turner and Mr. J. D. Jevons. ‘‘ Strain 
Detection in Mild Steel by Special Etching,” by Mr. J. D. 
Jevons. “The Effect of Grain upon the Fatigue 
Strength of Steels,” by Dr. L. Aitchison and Mr. L. W. 
Johnson. ‘The Influence of Gases at High Tempera- 
tures upon Iron, with special reference to the Formation 
of Blowholes,” by Mr. A. G. Lobley and Mr. C. L. Betts. 
At 7 p.m., Annual Dinner, in the Grand Hall, Hotel 
Cecil, Strand, W.C.2. Friday, May 8, at 10 a.m.: 
‘* Temper-brittleness of Steel : Susceptibility to Temper- 
brittleness in Relation to Chemica! Composition,” by 
Mr. R. H. Greaves and Mr. J. A. Jones. “ ‘ Peeling’ in 
White Heart Malleable,”” by Mr. D. H. Ingall and 
Mr. H. Field. ‘‘ Some Notes on the Use of a Diamond 
Pyramid for Hardness Testing,” by Mr. R. L. Smith 
and Mr. G. E. Sandland. ‘* Observations on Martensite 
and Troostite,” by Mr. J. H. Whiteley. ‘“‘On the 
Structure of Quenched Carbon Steels,’”’ by Mr. B. D. 
Enlund. ‘‘A Method for Reducing the Percentage of 
Phosphorus in Swedish Iron by diminishing the Phos- 
phorus in the Charcoal,’”’ by Dr. H. von Titennenn. 


** Estimation of Phosphorus in the presence of Vana- 
dium,” by Mr. G. Watson Gray and Mr. C. D. Garbutt, 
‘“* Note on Nitrogen as a possible Factor in Temper- 
Brittleness,” by Mr. W. T. Griffiths. 


THE INSTITUTION OF MECHANICAL ENGINEERS : NORTH- 
WESTERN BrancH.—Thursday, May 7, at 7 p.m., at the 
Engineers’ Club, Albert-square, Manchester. Fourth 
Report of the Steam-Nozzles Research Committee. 


Tue INstTITUTION OF MECHANICAL ENGINEERS.— 
Friday, May 8, at 6 p.m., at Storey’s-gate, S.W.1 Extra 
General Meeting. Fourth Report of the Steam-Nozzles 
Research Committee. 


Tue INstrITUTION OF AERONAUTICAL ENGINEERS.— 
Friday, May 8, at 6.30 p.m., at the Engineers’ Club, 
Coventry-street, W.1. ‘‘Lessons of 1924,” by Capt. 
W. H. Sayers. 


THE Institution oF MUNICIPAL AND COUNTY 
ENGINEERS: SovuTH-EasteRN District. — Saturday, 
May 9, at 11.15 a.m., at the Town Hall, Worthing. 
Discussion on ‘‘ Recent Municipal Works in Worthing.” 
Various Visits. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


Coal Trimming and Despatch.— A scheme for the regu- 
lation of coal trimming at the South Wales ports which, 
it is claimed, would facilitate despatch, was submitted 
to a meeting of the Cardiff District Shipping Federation 
yesterday, by Mr. W. Stanley Hinde, of W. E. Hinde and 
Co., managers of the Portfield Steamship Company, 
Limited, Mr. Hinde has put the scheme forward in 
view of the alarming reductions shown in the tonnage 
returns of steamers using the ports, and owing to the fact 
that prompt despatch is affected by the efficiency or non- 
efficiency of dock labour and the number of daily hours 
of work obtaining at the port. With regard to coal 
trimming, he points out that under the present system 
the men, more than any other grade of dock labour, are 
their own masters, and that the clearing-house officials 
have not the control of trimming that is desirable. The 
independence of the trimmers has always been a 
stumbling block to the speeding up of loading operations. 
The men of one gang receive the same pay as the men 
of another gang, and it does not matter on which ship 
a@ man works, his wages are the same as the others. 
Mr. Hinde submits that the trimming shall be carried 
out by coal stevedores, the direct employees of the 
shipowners, the stevedores to engage their own men 
and pay them. The stevedores will also collect the tip- 
ping and mixing orders and deposit them at the dock 
office, besides co-operating with the dock officials and 
shippers regarding bringing coal forward. The steve- 
dores are also to appoint a leading trimmer on each 
ship, whose duty will be to co-operate with the ship’s 
officers and berthing masters on trimming matters. 
The clearing house would continue for the purpose of 
rating vessels, and as an organisation to which disputes 
might be referred. For the present, the trimming rates 
would continue on the basis of the present tariff, but, 
in any case, rate-cutting should not at any time be 
allowed to undermine the system. The selection of 
stevedores would be made by the clearing house and 
approved by the dock company, by whom they should 
be licensed. For a short period, at any rate, an equal 
division of the work should be made by the shipowners 
between the various stevedores. The advantages of 
the scheme pointed out Mr. Hinde, was payment by 
results, and an incentive to maximum effort. The 
exployers would know who they were employing, and the 
men would know for whom they were working, while 
the leading trimmers or foremen would always be 
standing by the ship and looking for ways and means 
of saving time. The scheme was referred to the 
employers’ representatives on the Trimming Board for 
consideration. 





Busk STuDENTSHIP IN AERONAUTICS.—The trustees 
of the Busk Studentship in Aeronautics have announced 
that an appointment will be made in the near future. 
The studentship is of the value of about £150, tenable for 
one year from October 1, but a student may be re- 
appointed on the same terms for a second year. It is 
open to any man or woman who is a British subject, 
not of Asiatic or African descent, and who had not 
attained the age of 25 years on October 1, 1924. All 
inquiries regarding the studentship should be addressed 
to Professor B. Melvill Jones, of Cambridge University, 
who will supply application forms to candidates. 





ExHIBITION oF TURNERS’ WorK.—Some admirable 
examples of the turner’s art were to be seen at the 
exhibition held in the Mansion House from Wednesday 
to Friday last week. The exhibition was arranged by 
the Worshipful Company of Turners, and all the work 
on view had been entered for one or other of the groups 
in the thirty-eighth prize competition promoted by the 
Company. The competition was divided into two main 
sections, the first being for work executed in material 
other than metal, and the second for work in metal and 
alloys. A third section was open only to previous 
First Prizemen, and, as might have been anticipated, 
the competitors’ work in this class was of a very high 
uality. The two main sections were divided into three 
classes, open, respectively, to workmen in the trade, 
apprentices or technical school students, and amateurs. 
A fourth class was added in the metal section open to 
apprentices or students not over 14 years of age. The 
orshipful Company made a number of awards on the 
work submitted, the Premier award embracing the 
Freedom of the Company and the Freedom of the City of 
London (subject to the consent of the Court of Aldermen), 
in addition to a sum of five guineas. 
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It is intended to undertake a “ Life of the 
late Dr. W. H. Maw,’’ Editor of ENGINEERING 
from 1870 to 1924, and ‘President of the Insti- 
tution of Civil Engineers, 1922-23. Those of his 
personal friends, colleagues or correspondents 
who may have interesting material, especially 
in the shape of personal reminiscences or 
letters, to contribute, are requested to com- 
municate with Mr. W. E. Simnett, c/o The 
Institution of Civil Engineers, Great George- 
street, London, S.W.1. 


“ENGINEERING. 


THE INTERNAL-COMBUSTION 
TURBINE. 


Tris probable that the internal-combustion engine 
is more popular with the shipowner than with the 
sea-going engineer, although there are certain 
ocean routes on which the absence of boilers and of 
long ranges of hot steam piping may well be a sub- 
ject for congratulation. It is, however, admitted 
that reciprocators require greater attention both at 
sea and in port than does the steam turbine. The 
story has, indeed, been told that in the early days of 
the marine turbine the complaint was made that it 
was difficult to keep the engine-room staff awake 
during prolonged destroyer trials because they had 
nothing to do. Could the high thermal efficiency 
of the Diesel engine be combined with the mechanical 
simplicity of the steam turbine, the gain would be 
great indeed, and it is natural therefore that the 
possibilities of such a development should con- 
stantly attract attention. During the last few weeks 
able papers on this subject have been submitted to 
three important provincial engineering societies. 
A perusal of these indicates that the problems in- 
volved are not materially nearer solution than they 
were in 1912. 

No doubt undue pessimism is to be guarded 
against. Rumour has it that Sir Charles Parsons 
was assured by his original partners that his steam 
turbine would never return him a copper penny, 
and in view of the actual event it would be rash to 
conclude that a commercially valuable internal- 
combustion turbine will never be more than a 
Utopian dream. There is, however, one important 
difference between the conditions in technical circles 
in the ‘eighties of last century and those of to-day. 
Forty years ago very few engineers had a competent 
knowledge either of thermodynamics or of hydraulics. 
Those who had fully realised the possibility of 
constructing successful steam turbines. Thus in 











1885 Professor Unwin, in a lecture to the Institution 
of Civil Engineers, observed that, “So soon as we 
could find material strong enough and durable 
enough to stand an excessive speed [1,000 ft. a 
second] of that kind, we may have steam turbines 
much smaller and cheaper and not less efficient than 
ordinary steam engines.” As is now general know- 
ledge, Sir Charles Parsons turned the difficulty of 
high speeds by compounding, but some other 
engineers actually reached or exceeded Professor 
Unwin’s limit. 

It is very noteworthy that Professor Unwin felt 
that the difficulties to be surmounted lay mainly in 
the adaptation of our available materials of con- 
struction. It is this question of material which so 
far has prohibited the success of the internal- 
combustion turbine. There are no thermodynamic 
obstacles. Such a'cycle as that embodied in Stir- 
ling’s air engine would have a Carnot efficiency, but 
in practice any extended use of regenerators would 
involve unmanageably high working temperatures. 


9| Even without regeneration the temperatures en- 


cumbered are so high as to make it necessary to 
construct internal-combustion turbines as single- 
stage velocity compounded machines. The loss 
thus involved is two-fold. The velocity compounded 
wheel has a low intrinsic efficiency, and the single 
stage means that this will not be mitigated by an 
improved reheat factor. In a multi-stage turbine 
part of the energy dissipated in friction in the upper 
stages is recovered as useful work in the lower 
stages. In some steam turbines the gain thus 
accruing has been as much as 10 per cent., but single- 
stage machines have necessarily a reheat factor of 
unity whatever the ratio of expansion. Were it 
possible to construct an internal-combustion turbine 
as a multi-stage machine the gain from reheat would 
be greater than it is with steam, since the reheat 
factor is larger the greater the adiabatic index of the 
working fluid. 

The production of new materials capable of 
maintaining their strength and substance at high 
temperatures would remove these present dis- 
abilities, and the experimental use of silica for this 
purpose, which is mentioned in Mr. Kénig’s paper to 
the North East Coast Institution of Engineers and 
Shipbuilders, is of great interest. Some of the 
properties of silica are ideal. It has a high melting 
point, it is not subject to oxidation, and its tensile 
strength is comparable with that of steel. Moreover 
it has a very low coefficient of expansion with tem- 
perature, and would thus be little liable to distortion. 
If, indeed, it approached steel as nearly in ductility 
as it does in strength, the problem might be con- 
sidered solved if regarded from the purely technical 
standpoint, though probably not from the com- 
mercial one. 

As matters stand, however, the designer of an 
internal-combustion turbine has to accept a low 
blading efficiency as one of the conditions imposed 
upon him, by the nature of the structural materials 
available. His difficulties, however, do not end 
here, since he also has to put up with a low com- 
pressor efficiency, and this is a very serious draw- 
back, indeed. As Mr. Ferranti pointed out some 
years ago, the distinguishing characteristic of 
internal-combustion motors was the large proportion 
of the negative to the positive work, done in the 
cycle. He also insisted that the reciprocator 
was essentially a small unit motor, and the turbine 
inherently a large one. A leading gas-engine maker 
has, indeed, declared that as high an efficiency can 
be obtained with an engine of 60-h.p. as with the 
largest yet manufactured. It is, on the other hand, 
impracticable to attain high turbine efficiencies 
with small units, a consideration which makes 
experimenting on the internal-combustion type, a 
very expensive undertaking. Large units, however, 
require large compressors, which have accordingly 
to be of the turbine type. The efficiency of these 
can never approach that of the compression in a 
gas engine cylinder which is probably effected with 
an efficiency little short of unity. The conditions are 
indeed very similar to those in the cushion cylinder 
of the old Willans engine, in which the inertia 
forces on the up stroke were balanced by compres- 
sion of air. Diagrams taken from this air cylinder 
had no appreciable net area, the compression and 





exhaust lines being practically caincident. Hence, 
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the compression mustjhave been effected with 
nearly unity efficiency. About the highest figure 
claimed for turbine compressors is 80 per cent., and 
it is perhaps questionable whether this has ever 
been really attained. In some of the tests at any 
rate, in which figures of this order have been 
recorded, the method of test was not above criticism. 
In the case of a turbine compressor the reheat 
factor diminishes the net efficiency, since all the 
energy lost in blade friction in the earlier stages 
goes to heat the air, and thus increases the work to 
be done on further compression. 

4 The effect of a poor compression on the overall 
efficiency of the internal-combustion turbine is 
very strikingly set forth in a nomograph included 
in the paper read by Professor W. J. Goudie last 
March before a meeting of the Institution of 
Engineers and Shipbuilders of Scotland. 

In this paper, Professor Goudie showed that in 
one case considered, a reduction in the compressor 
efficiency from 65 per cent. to 55 per cent. would 
reduce the overall efficiency of the set from 0-20 
to a negative quantity, so that power would have 
to be supplied to motor the plant round. The diffi- 
culties of a low compressor efficiency seem inherent, 
as there seems no prospect of any very substantial 
improvement in turbine compressors. 

From Mr. K@énig’s paper, it appears that this 
has led in Germany to a revival or modification of 
Mr. H. A. Humphrey’s proposal to use his pump to 
supply water under pressure to an hydraulic turbine. 
In the variant now being tried at Berlin, it appears 
that the two-cycle pump is being used, although in 
tests with this made before the war, it was not 
found practicable to attain as high an efficiency 
with the two-cycle as with the four-cycle type. 
With the latter the pressures attained are very high 
in the cushion stroke, and this fixes a limit to the 
diameter of the play pipe. Possibly, this limitation 
might be surmounted by constructing the latter as 
a tunnel, or as a well in solid rock. Such a 
well may be regarded as the bore of a cylinder of 
infinite outer diameter, and the maximum stress 
on the material could not then exceed the maximum 
working pressure. 

Mr. K$nig raises the objection that the Berlin plan 
would involve the use of a very large slow-running 
turbine, correspondingly expensive. It may be 
noted, however, that Mr. Humphrey showed that 
his pump could also be used as an air compressor, 
and it would be possible, therefore, to use this air 
for driving the turbine. Whether this suggestion 
has any advantages could only be settled by a 
detailed study. 

As an alternative to regeneration, with its draw- 
back of excessive working temperatures, many pro- 
posals have been made to use the heat of the exhaust 
for generating steam. The work of compression 
is then effected wholly or partly by steam 
power. Even so, however, the drawback remains 
that only a low-efficiency type of turbine can 
be used for the main element of the combina- 
tion, and the figures given by Mr. Kénig as to 
efficiencies actually realised by Mr. Holzwarth, 
are hardly encouraging. The best figure so far 
reached appears to be about 14 per cent., reckoned 
on the basis of shaft-horse-power. For ordinary 
oil engines, figures ranging from 30 per cent. to 
35 per cent. are tabulated in Kent’s Mechanical 
Engineers’ Handbook, and still better figures are 
claimed for Diesel engines. 





THE INSULATION OF ELECTRICAL 
MACHINERY. 


WHILsT modern studies of the electric discharge 
through gases ard the technics of electronic emis- 
sion practically owe their development to the 
creation of new types of vacuum pump, the nature 
of insulation by materials other than gases remains 
obscure, and there has been little change during 
the past twenty years in the general nature of the 
insulating materials of electrical engineering. That 
latter conclusion was arrived at by Colonel K. G. 
Maxwell and Mr. Allan Monkhouse in their review 
of ‘Recent Improvements in the Insulation of 
Electrical Machinery,” discussed by the Institution 
of Electrical Engineers on the 23rd ult. They 





could, however, record improvements in the 
materials and methods of their application, as well 
as in the study of their properties and their 
testing and standardisation. But Colonel Maxwell 
considered that the British rating rules were 
only emerging from the melting-pot, and that 
further data, particularly on ageing and life tests, 
and on the effects of vibration, moisture and 
mechanical and electrical stress at extreme tempera- 
tures were desirable. Most of the standardisation 
tests were only applicable to raw materials, and not 
to finished products. In the “ high-pressure or flash 
test’ of the present day, 2 or 24 times the full 
nominal volts were applied to a machine or appa- 
ratus, while still hot after the initial trial. Yet 
at no time was the insulation so vulnerable as just 
after that first temperature run. The volatile 
matter in the windings which would soon dry up 
in service, was concentrated during the trial in the 
cooler end portions. A flash test thus might break 
down a perfectly sound machine and necessitate 
a re-wind where only drying-out was required. The 
leakage test of Hartshorn by the aid of a bridge, 
instead of a wattmeter, would give early indication 
of a breakdown, and would avoid many unnecessary 
breakdowns. These statements were challenged at 
the meeting, but Mr. Monkhouse maintained the 
advantages of the cold test in his reply. 

The Engineering Standards Associatior dis- 
tinguishes as Class O, materials like cotton, silk, 
paper, &c., when unimpregnated, unvarnished and 
not used under oil, and as Class A, the same 
materials when impregnated, varnished, or under 
oil. In their tests made in oil, Messrs. Maxwell 
and Monkhouse found that cotton, sulphite wood 
pulp, chemically hydrated wood, manilla and 
jute ranked in this order at 20 deg. C., that jute 
failed badly above 80 deg., and that at 120 deg. 
cotton alone still remained a useful insulator, bear- 
ing 190 volts per mil. instead of 780 volts at 20 deg. 
They ascribed the superiority of cotton at high 
temperature to its freedom from lignin. Consider- 
able progress had been achieved in the manufacture 
of special press boards which might ultimately 
replace laminated paper insulators. The introduc- 
tion into press board of leather cuttings and rubber 
latex had so far not answered for high temperatures. 
There was little improvement to be expected in 
fabrics and tapes unless high prices were accepted ; 
artificial silk had the advantage of absorbing little 
moisture, but it had not been tried sufficiently 
yet. As wire covering materials, paper, asbestos, 
enamel, spun glass and artificial silk were exten- 
sively utilised; but cotton remained the chief 
material, and it did not act merely as a spacer. 
They had, therefore, tried to improve the insulation 
value of cotton yarn by boiling the unbleached yarn 
in water or in 0-5 per cent. caustic soda, or by 
treating it with hot alcohol, petrol, and with a basic 
dye treatment ; the dyed cotton maintained high 
insulation in damp atmosphere. The sensitiveness 
to moisture and the presence of conducting fibres 
of magnetite in asbestos were the drawbacks of 
asbestos wire coverings; but felted-on asbestos 
wires could easily be bent and were as deservedly 
popular as enamel and paper-insulated wires. 

The statement that no insulating material caused 
its producers so much anxiety as the boards and 
tubes of bakelite and other synthetic resins of the 
phenolaldehyde type—the chief novelty of the 
past two decades—was strongly resented by several 
speakers, hardly for adequate reasons. The authors 
of the paper admitted that properly-made bakelite 
papers constituted an extremely good Class A insu- 
lation and possessed the advantage over shellac- 
paper that their temperatures might be raised above 
100 deg. C., and even 150 deg. C., without softening 
or deterioration; but they could not be used at 
160 deg. to 180 deg. The chief trouble with the 
better grades of bakelite was “tracking”; any 
arc formed became a conducting path for compara- 
tively low potentials. Submitting all kinds of 
bakelite-paper board, shellac-paper board, hard 
press board, linseed-oil impregnated wood, micanite 
and vulcanised fibre to the E.R.A. standard fuse- 
wire test, Messrs. Maxwell and Monkhouse found 
that bakelite-papers, unless protected by special 
varnishes, failed almost invariably under the first 
test, whilst the other materials stood 6 to 20 appli- 





cations. But small quantities™ of antioxygens 
(hydroquinone, &c.), could cure tracking. Shellac. 
paper softened above 80 deg. unless subjected to 
long “curing”; but condenser terminals, 42 jp. 
in diameter and 20 ft. long, had been made of 
cured paper. Colonel Maxwell did not recommend 
the blending of shellac and bakelite. Vulcaniseq 
fibre had deteriorated since the war, and should not 
be exposed to stress of more than 20 volts per mil, 
in dry situations. 

Class B materials—mica, asbestos, and other 
refractory substances—may contain Class A mate. 
rials, but only for structural purposes, and con. 
siderable latitude prevails in the interpretation of 
this rule. Colonel Maxwell issued a warning against 
the practice of basing mica percentages on weight 
instead of volume, in mica wraps for alternator 
bars, where figures higher than 45 per cent, 
by volume were almost unobtainable. Machine. 
built micanite was electrically and mechanically 
superior to the hand-built product, and “ cushion. 
pressing,” 7.e., placing a resilient material (thin felt 
or heavy cloth) between the mica sheets while 
being pressed, was recommendable. Most asbestos 
tape on the market being too expensive and too 
thick (12 to 20 mils.), an intermixture of 15 per 
cent. of cotton might be tolerated. Micanite was 
replacing block or pure mica, which was one of the 
Class C fireproof materials (earthenware, porcelain, 
quartz, &c.). 

Varnishes, moulded compositions, insulating oils 
and bitumens and rubber have not yet been classified 
by the International Electrotechnical Commission, 
though of well-established importance ; but there 
are some standard tests. Colonel Maxwell pointed 
out that the Russian petroleum formerly used for 
impregnation inclined less to sludging than the 
American oil of war-time, and that the Michie 
sludge test, which required 48 hours and very 
careful handling, could be replaced by the simpler 
Nuttall test. 

Moulded compositions of synthetic resins, casein, 
and bitumens did excellent service if well manufac- 
tured and selected ; but a black bituminous appear- 
ance was no guarantee of good insulation. Insula- 
ting processes and their appliances had been much 
improved during the last four years, and large 
factories now worked to definite specifications by 
scientific methods. As regards cell insulation for 
long bar conductors in high-speed machinery, 
practice was divided between the use of mica-silk 
tape applied by hand throughout, machine-wrapped 
bars fitted with micafolium in the slot and with 
end-connections taped with mica fabric, and green 
cell insulated bars in which wet mica cells built on 
fine jap paper were applied by hand. In all these 
cases the bars were pressed to shape after insulating. 
In coil-insulation much use was made of square 
and rectangular conductors ; the bare conductors 
were bent and formed to shape, and the insulation 
of micanite, paper, &c., was inserted between them ; 
the coil was then served with special enamels and 
insulated with tape. That practice required greater 
skill and attention, which were indeed the essence 
of all good insulation, but gave an improved space 
factor. 

As regards varnish treatment, small parts were 
completely finished and varnished all over, nee 
with the iron parts, which were afterwards wipe 
clean. Large parts had to be varnished before 
insertion, and there was the choice between — 
impregnation and hot dipping. Colonel — 
decidedly preferred the latter, immediately precede 
by hot baking to 120 deg. C. and followed by cooling 
in the varnish. Vacuum impregnation to som 
depth entailed the use of either a slow-drying 
varnish or of a varnish containing an excess 0 
internal driers, both liable to release deterionstné 
acid compounds. In baking the goods should neve 
be stewed in their own varnish fumes; the ve 
should be well ventilated, and the process care vol 
be controlled by the aid of thermo-couples and 
devices. For bakelisation of synthetic resins © 
high temperatures and pressures formerly insist = 
upon were quite unnecessary ; prolonged on 
at 115 deg. to 120 deg. C. for 40 to 60 — vs 
quite sufficient. Such a temperature was ar a 
likely to do any permanent damage to the orga 
constituents of the insulation. 
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MOTOR FUELS. 


In his second Howard lecture, delivered at the 
Royal Society of Arts on April 27, Professor Brame 
reviewed the possibilities of power alcohol. Alcohol, 
he considered, had definite advantages as a practical 
fuel. For its production in sufficient quantity on 
economical lines we were, however, dependent on 
raw materials which the tropical laboratories of 
Nature supplied in inexhaustible quantities, but 
from which we so far could not release the fuel by 
any simple practical method. Yet power alcohol 
had undoubtedly a future. Some day alcohol might 
be the only liquid fuel available, and before that 
period it would certainly become a fuel supplemen- 
tary to petrol and benzol. Professor Brame’s further 
remarks showed that it is already taking this posi- 
tion. With respect to denaturing he pointed out that 
the power methylated-spirits regulations of 1921 
required a spirit of not less than 66 per cent. 
overproof, to which had been added not less than 
2-5 per cent. of wood naphtha, 0-5 per cent. of 
crude pyridine, and 5 per cent. of benzol, the 
mixture to be coloured by 0:75 oz. of eosin and 
0-25 oz. of “spirit red 3” to every 1,000 gallons. 
Before removal from bond not less than 25 per 
cent. of petrol, benzol or other approved substance 
must be added under Excise supervision, unless 
the spirit already contained 25 per cent. of 
denatured ether. Only when treated in this way 
might the spirit be distributed without further 
restriction. 

Passing to fire risks and accidents, in which 
this country had a creditable record, Professor 
Brame tabulated the following flashpoints in 
degrees C.: petrol — 11 to — 30, benzene —12, 
toluene + 9 to 10, alcohol (95 per cent.) + 15 to 18, 
methyl alcohol + 10, power alcohol (5 per cent. 
benzol) + 1, motor benzol flashing at — 9 deg. C. 
The extreme minimum (and maximum) vapour ex- 
plosive percentages of different observers averaged : 
petrols 1-5 (6), benzene 1-4 (7-5), ethyl alcohol 
3°56 (18-0), methyl alcohol 7-05 (36-5). The 
figures for petrol and benzol were approximately 
the same, but the higher volatility of petrol 
rendered this substance more dangerous. Alcohol 
was much safer than either on account of its lower 
volatility, its higher explosive minimum, and, 
further, because of the low density of its vapour. 
Petrol vapour was three times as dense as 
air, benzene 2-5 times, alcohol 1-5 times; the 
heavier vapours collected on floors and in pits, 
and ignition would travel over considerable 
distances. Ignition temperatures varied much 
with the experimental conditions; giving the 
figures of Harold Moore and of Ricardo, Professor 
Brame showed that ethyl alcohol/air mixtures 
ignited only at 518 (or 514) deg. C., but petrol /air 
mixtures at 360 (353) deg. C. Referring to the 
risks of static electric charges, especially in 
filling tank wagons, Professor Brame spoke in 
favour of earthing the wagon by a trailing chain 
and the nozzle by the use of an armoured hose, 
and of metallic contact between the filling nozzle 
and the tank. To allow petrol to run down drains 
was against the regulations. 

Of other properties of motor fuels, specific 
gtavity was no longer regarded as a comparative 
criterion, except in cases of spirits derived from 
the same crude. On the other hand, vapour 
pressure was of value for grading fuels of different 
classes or for blends. As the quantity of vapour 
necessary to produce an explosive mixture in a 
cylinder changed with the temperature, it was 
customary to flood the carburettor and to inject 
spirit into a cold cylinder while choking the air 
supply. The boiling range was considered the 
best comparative test of motor fuels, and ease of 
starting was judged by the temperature at which 
20 per cent. of the fuel would distil; that temper- 
ature ranged from 70 deg. C. to 80 deg. C. for 
aviation spirit, 85 deg. C. to 90 deg. C. for No. 1 
Petrol, and was 85 deg. C. for motor benzol, and 
also 85 deg. C. for benzol/petrol. For use at 
considerably reduced pressure, as in aviation, 
too high a volatility was often undesirable. Belgian 
aviation spirit had the lowest boiliag constituents 
ee Sparrow, experimenting in the United 

ates altitude chambers, found that high volatility 


led to vaporisation in the fuel pipes, upsetting 
the carburation and finally stopping the engine, 
as well as to sufficient cooling to cause snow 


formation in damp air. The maximum boiling 
range (proportion of the fuel distilling above a 
certain arbitrary temperature) or “end point,” 
should be high to increase the yield of petrol 
from a given crude oil, but it was limited, as already 
mentioned in the first lecture, by the incomplete 
evaporation and combustion of the high-boiling 
constituents in the cylinder. The British standard 
specification for petrol gave the end point 225 deg. C., 
but the average found for No. 1 petrol in this 
country was about 180 deg. C., and for aviation 
spirit 140 deg. C.; the ordinary end point of 
gasoline in the United States was 220 deg. C. 
The viscosity of a fuel was of direct importance 
in connection with the question of the size of the 
jet. For motor working the temperature coefficient 
was at least equally important. The viscosities 
for petrol, benzol, alcohol, were 100, 60, 22 at 
0 deg. O. but the figures were 116, 116, 45 at 30 
deg. C. Due to this a carburettor required a 
minimum amount of fuel and a maximum of air 
on a cold day, but more fuel and less air as the 
motor heated up. 





THE ROLL OF HONOUR OF THE 
INSTITUTION OF ELECTRICAL 
ENGINEERS. 


ALTHOUGH the memory of those of our blood who 
fell in the Great War is a national possession, it is 
laudable and natural that localities and associations 
should wish to have their own memorials. The 
effect of this desire has taken many forms, but it 
would be difficult to find a more praiseworthy 
example than the memorial volume which has been 
prepared by the Institution of Electrical Engineers. 
This Institution, in common with others, has erected 
tablets in the hall of its home on which are engraved 
the names of those who fell. Such a permanent 
record no member of the Institution would wish to 
be without, but the volume which has been prepared 
forms a worthy adjunct in which fuller details can 
be recorded, and which those to whom some name 
which appears in the record is much more than a 
name, may hold in personal possession. 

The War Memorial Book, which has been prepared 
by the War Memorial Committee of the Institution, 
is a post-folio volume of 345 pages, containing 
biographical notices of the 162 members of the 
Institution who fell in the war. Portraits are also 
included in all but three cases. The biographical 
notices are preceded by an historical introduction 
dealing with the origin and causes of the war and 
written by Lieut.-Col. W. A. J. O’Meara, the editor. 
In a note appended to the volume, the late Mr. C. H. 
Wordingham, who acted as chairman of the War 
Memorial Committee, states that “it is difficult to 
find adequate words to express the indebtedness of 
the Committee” to Lieut.-Col. O’Meara. An 
examination of the book shows this praise to be well 
earned. The completeness of the details of the civil 
and military careers of the members dealt with is 
very remarkable, and shows that the task of collect- 
ing the records has been one of love and reverence. 
Very clearly no trouble has been too great which 
might add something to any of these stories of the 
fallen. To illustrate the records and assist in an 
understanding of their details, a series of maps of 
the various battle fronts is included in a folder at the 
end of the book. 

This work has been in contemplation from the 
inception of the War Memorial Committee, and its 
preparation has taken over five years. In view of 
its completeness and the fact that it has involved the 
tracing of information from every part of the Empire, 
the period cannot have been too long. The book is 
a dignified volume, bound in khaki-coloured buck- 
ram, and its printing and form throughout reflect 
nothing but credit on the Institution and its printers, 
Messrs. Unwin Brothers. A copy of the work has 
been presented on behalf of the subscribers to the 
War Memorial Fund to the nearest relative of each 
fallen member. Additional copies have been printed 
and may be obtained by others at the price of 





2 guineas each. 





NOTES. 


RELATIVITY. 

In a letter which appeared in Nature of April 18, 
Professor Michelson and Dr. Gale describe the 
results of a crucial experiment on the generalised 
theory of relativity. According to Newton a 
motion of rotation differed from a motion of trans- 
lation in that the latter could be defined only by 
reference to some point assumed to be fixed in 
space, whilst a rotation was absolute, and the 
behaviour of Foucault’s pendulum was accordingly 
understood as demonstrating the absolute rotation 
of the earth. In the doctrine of generalised rela- 
tivity, rotations are considered to be as purely 
relative as linear velocities, and the results of 
Foucault’s experiment were otherwise interpreted. 
According to the doctrine, moreover, it would be as 
impossible to detect a rotation relatively to the 
ether, as the famous Michelson-Morley experiment 
showed that it was to detect a translation through 
the ether. It is this doctrine of the relativity of 
rotations which has now been submitted to test by 
Professor Michelson and Dr. Gale, and they find 
that it be flatly contradicted by experiment. The 
“rotational drift”? through the ether does exist 
and the agreement between calculation and obser- 
vation is excellent. Newton’s conclusion is thus 
vindicated, but the ‘ restricted ” theory of relativity 
may still remain valid. 


Tue Eartn’s Crust. 


The presidential address delivered on the 23rd 
ult., by Sir Thomas H. Holland, at the annual 
general meeting of the Institute of Mining and 
Metallurgy, consisted mainly of a brief review of 
recent advances made in ascertaining the chemical 
and physical characteristics of the earth. He 
stated that the figures obtained by F. W. Clarke and 
H. S. Washington, and published in Professional 
Paper 127, 1924, of the United States Geological 
Survey, expressed more clearly than any hitherto 
obtained, the average composition of the accessible 
parts of the earth’s crust. Another paper recently 
contributed by E. D. Williamson and L. H. Adams, 
to the Journal of the Washington Academy of 
Science contained data from which it was possible 
to speculate upon the physical and chemical charac- 
ter of the deeper layers and even of the core of the 
earth. The physical evidence of the second paper 
and the chemical results of the first had been corre- 
lated by Washington who had come to the general 
conclusion that the distribution of the principal 
bases was roughly in accordance with their affinity 
for silica, the oxidisability of their metals and their 
order in the electro-chemical series. The more 
electro-negative are situated nearest the core of the 
earth, and the more electro-positive nearest the outer 
shell. The formation of our workable ore-deposits 
had given rise to much speculation, and two main 
theories had been propounded. The one maintained 
that ore bodies were the products of materials 
brought up from great depths, either in the form of 
molten magmas, or as solutions and gaseous emana- 
tions of hypogene origin. The other theory was to 
the effect that ore-concentrations were merely 
segregative re-arrangements of minerals already dis- 
seminated through the outermost film of the earth’s 
crust. These theories were, however, more prob- 
ably complementary than mutually antagonistic. 
A sketch survey of ore deposits taken in conjunction 
with the latest geo-physical results, seemed to show 
that the majority of the workable ore-deposits were 
the result of simple lateral segregation of the 
minerals disseminated originally through the crust, 
and even a large proportion of these were probably 
derived by segregative processes in the uppermost 
layers. The gradual working out of these natural 
concentrates was a matter of deep concern, and the 
theoretical speculation outlined might prove of use 
in solving the practical problem which would 
inevitably come to pass. 


Strate ASSISTANCE TO GERMAN SHIPBUILDING. 


Immediately after the Government’s statement, 
obviously made in perfect good faith, that the Ger- 
man shipyards are not receiving any State subsidy 
for the construction of ships to foreign order comes 
the news that the railways have again reduced their 
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rates on shipbuilding materials by between thirty 
and thirty-five per cent. Such a reduction is of 
great importance to German shipbuilding, and there 
can be no doubt that this is a very effective form of 
subsidy. The railways are owned by the State, 
and the carriage of plates and ship materials from 
the inland iron and coal areas to the shipbuilding 
districts on the coast has always been a very large 
item in the expense account of a German shipyard. 
In the very early days of the German Navy, when 
the Imperial Dockyard at Wilhelmshaven was first 
established for the construction of men-of-war, 
the kingdom of Hanover refused to allow a railway 
to be laid within its borders, the result being that 
all the materials had to be taken to Wilhelmshaven 
by sea at an excessive cost. In those days practi- 
cally all the other German yards bought their 
materials in England and imported them direct, 
but this was always a sore point with the German 
industrialists. In 1873 a great victory was gained 
when Marshal Stosch ordered that all German men- 
of-war were to be constructed in Germany and as 
far as possible with German materials. Bismarck 
followed this by insisting that all the ships that took 
advantage of the subsidies granted under his Im- 
perial Mai] Scheme should be built in German yards 
also, and, as they already had the privilege of bring- 
ing British shipbuilding materials into the country 
free of costs, he offered a sop to the iron industry 
by ordering the railway administration to reduce its 
rates of shipbuilding material by nearly fifty per 
cent. Without this concession it is doubtful 
whether the North German Lloyd could have ful- 
filled the conditions of the Imperial Mail Contract 
without collapsing altogether. ‘This concession has 
been in force ever since, and has had a very material 
effect on the fortunes of the German shipbuilding 
industry. As German shipbuilding material is 
already very much cheaper than British, this latest 
reduction in transport charges will enable the Ger- 
man shipyards to underbid us on new construction 
even more than they have contrived to do hitherto, 
and its importance will not be lost upon ship- 
building interests in this country. 


THE ACCESSIBILITY OF Motor VEHICLE CHASSIS. 


The accessibility of the pleasure car chassis formed 
the subject of the last paper of the session, 
read by Mr. M. Platt before the Institution of 
Automobile Engineers on Tuesday last. From the 
discussion which followed the reading of the paper 
it was evident that this somewhat hackneyed 
question is capable of arousing keen interest, and 
that a wide divergence of opinion still exists as to 
the degree to which accessibility is desirable. We 
have previously had occasion to point out that the 
question may be viewed from two standpoints, 
that of the owner-driver and that of the repairer ; 
and the confusion of these two points of view is a 
frequent cause of controversy. The owner-driver 
is chiefly concerned with the ease or otherwise with 
which he can maintain his car without extraneous 
aid in reasonably good condition; while the 
repairer is more immediately concerned with the 
amount of work involved in carrying out overhauls 
’ and repairs which are beyond the capability of the 
owner, either due to lack of knowledge or an 
insufficiency of the necessary appliances. The 
author was careful to make this distinction at the 
outset of his paper, but it was evident from the 
discussion that there was a feeling amongst manu- 
facturers that many of the adjustments which he 
suggested as within the purview of the owner-driver 
should more properly be regarded as the work of the 
repairer. It is, of course, an open question as to 
what extent the former is competent to make 
adjustments of any kind, but we believe that the 
view expressed by one of the speakers, that the 
average owner should be regarded as incompetent 
to perform anything beyond greasing up and making 
the very simplest adjustments, is essentially sound. 
If this view is accepted, the degree of accessibility, 
which leads the ownerinto the temptation of mak- 
ing purely experimental adjustments, becomes un- 
necessary ; and the assumption can safely be made 
that any necessary alterations to take up wear will 
be made by the repairer. It is the owner’s business 
to ascertain that the latter is reasonably skilled, 
and the assumption can then fairly be made that 








he will possess any special tools that may be 
required. Ever since the early days of ordinary 
bicycles, there has been a demand on the part of the 
public that every nut should possess sufficient 
clearance, and should be of such a form, that it can 
be removed with an ordinary shifting spanner, and 
the remarks of one or two of the speakers who joined 
in the discussion gave the impression that the 
same attitude existed amongst skilled engineers. 
No doubt the conception is admirable as an ideal, 
but put into practice it involves an increase in the 
size and weight of parts which far outweighs the 
advantage gained. The discussion should serve a 
useful purpose in helping to remove the mischievous 
idea that designers ignore accessibility. There 
can be no reasonable doubt that the question 
receives the most careful attention in the majority 
of cases, but the attitude of the responsible designer 
was aptly expressed by one of the speakers when 
he stated that mechanical efficiency must not be 
sacrificed for the sake of accessibility. 


ConTINUVOUS DISTILLATION OF PETROLEUM. 


The question which Mr. A. M. O’Brien, F.L.C., 
raised in his paper on “ Continuous Distillation of 
Petroleum,” read before the Institution of Chemical 
Engineers last week, was whether the economy of 
continuous oil distillation could not be improved by 
proportioning the sizes of the separate stills of a 
unit to the duty which each has to perform. In 
ordinary practice all the stills of a unit, which may 
consist of as many as 40 stills in which the oil 
gravitates from one into the other, are of the 
same size. Taking the case of a petroleum con- 
taining fractions of 20 per cent. of naphtha, 30 per 
cent. of kerosene, 15 per cent. of solar oil, &c., to be 
distilled down to a residue of 30 per cent. or 35 per 
cent. in a unit of six stills, Mr. O’Brien showed that 
if in the first two sections of two and three stills 
each percentage of the first two fractions had 
13 sq. ft. of evaporative surface allocated to it; 
there would only be 9 sq. ft. available in the third 
section of one still, and the rate of distillation would 
thus not be uniform. Even if the flow of oil in the 
first two sections were slowed down, and the rate 
of evaporation speeded up in the third section, the 
maximum amount of evaporation realisable per 
square foot of evaporative surface in unit time would 
not be obtained. With progressive distillation in 
single stills of equal size there would be a diminution 
in the load on each still. The temperature should 
be raised as the boiling-point of the residual oil 
rose ; the specific heats of the various constituents 
differed only in the third decimal, but the latent 
heats differed considerably, and the vapour pressures 
of the lubricating oils being lower than those of the 
petrol fractions, the initial stills should receive 
more heat (not less) than the final stills. Mr. 
O’Brien showed how it was possible to reduce 
progressively the still sizes both in length and 
diameter, while keeping the still level in the setting 
constant, and also how to proportion the rate of 
feed and to adjust the temperatures and the 
pressures. His condensers would likewise be of 
diminishing size, the whole of the water passing 
first into the condenser of the initial still and 
then into the others. There would be by these 
atrangements a saving in structural material and 
in cooling water. This system of proportioned 
stills has not yet been tried, and the discussion 
following the paper, though favourable to an 
inquiry, was, on the whole, critical. One of 
the chief objections taken by Messrs. Anfilogoff, 
Lomax, Lessing, and other speakers was that Mr. 
O’Brien apparen’ly pre-supposed constant supplies 
of uniform products, whilst many refineries have 
to deal with varying raw materials, and that he 
seemed to discuss distillation rather than frac- 
tionation. Mr. Anfilogoff further objected that 
the refineries had frequently to be built on 
marshy ground near the oil-field, and that 
engineers had quite enough trouble with the 
foundations when the loads were uniformly dis- 
tributed. It was, further, wrong to diminish the 
sizes of the condenser for the higher fractions, 
particularly as free steam had to be introduced into 
those stills in order to facilitate evaporation ; 
Dr. Lessing pointed out that a large condenser 
acted like a steadying flywheel. It would, again, 








be more difficult to cut out one still for repair if 
they were not all of equal sizes, and such a plant 
would generally be less flexible than the present 
plants. 





THE NIGERIAN RAILWAYS. 


Some two years ago we dealt in these columns 
with reports by Lieutenant Colonel F. D. H, 
Hammond, C.B.E., D.S.0., R.E., on the railways 
in British Territories in East Africa and the Gold 
Coast Railways. 

The recent visit of H.R.H. the Prince of Wales 
to Nigeria, where he has travelled over the whole 
railway system, lends special interest to a further 
report by this officer which was drawn up following 
a tour of the railways of Nigeria. This has 
lately been issued by the Crown Agents for the 
Colonies. It is perhaps worthy of note that 
when Colonel Hammond made this inspection the 
Colonial Secretary was a railway man, the Rt. 
Hon. J. H. Thomas, P.C., M.P., and that the tour 
was apparently the result of complaints by the 
Chambers of Commerce of London, Liverpool, and 
Manchester, and the West African Merchants, 
The report certainly seems to show that some of 
these complaints were only too well founded. 

Lieutenant-Colonel Hammond spent some four 
months, from November to April, 1924, in a thorough 
investigation of the internal organisation, the working 
methods of the railway department, and the conduct 
of its business alike with the public, and with other 
Government departments. During his stay in the 
Colony he made at the request of the Government 
interim reports on various matters on which it was 
desirable to take early action. Amongst the princi- 
pal subjects so treated were the realignment and 
relaying of the railway between Minna and Kaduna, 
the inauguration of reconnaissances and traffic 
surveys for feeder lines, the choice of a site for the 
headquarters and stores of the Eastern Division, 
and the extension of the new railway to Jos. 

The railway system of Nigeria is composed of 
two main lines, shown in the map opposite, which are 
unconnected witheach other. The larger is based on 
the port of Lagos and consists of 968 route miles, 
while the smaller is based on Port Harcourt, and has 
a route mileage of 158, making a total of 1,126 route 
miles, for the whole system of which 983 are of 
3 ft. 6 in., and 143 of 2 ft. 6 in. gauge. 

The terminus of the Western line is on Iddo 
Island in the Lagos lagoon. There is no rail 
connection with the town of Lagos itself, where the 
main deep water wharf used for the mail boats is 
situated. At Iddo, are wharves for small ocean 
craft, and barges. Four deep water wharves capable 
of taking the largest boats in the West African trade 
are being constructed at Apapa on the opposite 
shore of the lagoon to Lagos, and connected by a 
branch line to Ebute Metta. These wharves and 
the improvements made in recent years in the port 
of Lagos were described in ENGINEERING, vol. cXV1, 
page 137. 

From Iddo to Ibadan the maximum gradients used 
are 1-00 per cent. in a downwards, and 1-25 per 
cent. in an up-country direction, compensated for 
curvature in both cases. The maximum curve used 
is 10 degrees. This section of 120 miles has recently 
been relaid with new 80-Ib. rails, 16 sleepers to the 
40-ft. rail length. Steel sleepers are used through- 
out, except on bridges and turnouts. At Aro there 
is a short 1} mile branch to the city of Abeokuta, 
and another small branch 2 miles long between 
Ifo junction and Ifo town. A third small branch 
connects Iju junction with Iju waterworks. From 
Ibadan to Minna the same standard gradients are 
kept except one of 1:25 per cent. on which 
banking engines have to be used At Jebba the 
railway crosses the Niger by two bridges. The first 
is of 7 spans of 185 ft. each with approach viaducts 
of three 30 ft. concrete arches at each end 4 
the second connecting the island to the nort 
bank consists of two spans of 150 ft., two — 
of 105 ft., with two 30-ft. arches at each end. 
From Jebba to Minna, and from there to = 
terminus at Kano 45 Ib. rails are used, with 7 
sleepers to the 30 ft. rail. Between Minna an 
Zaria, the maximum gradient is 1-5 per cent. From 
Minna a branch runs southerly 111 miles to Baro. 
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At Zaria a 2 ft. 6 in. gauge, the Bauchi Light Rail- 
way, connects the tin fields with the main line. 
This is 143 miles in extent, the terminus being 
Bukuru. The maximum gradient are 2 per cent. 

The Eastern line based on Port Harcourt was 
put down to tap the coal fields at Enugu. At 
Port Harcourt are deep water wharves and a high 
level tip. The gauge of the line is 3 ft. 6 in., the 
rails 60 lb., the distance from Port Harcourt to 
Enugu is 151 miles. 

The headquarters of the railways together with 
the principal locomotive workshops are at Ebute 
Metta on the Western line. The Eastern line 
where electric light and power plant for the 
use of new workshops and the colliery have 
been erected at Enugu, is in charge of a divisional 
superintendent, but the representative of the 
various departments correspond with headquarters 
at Ebute Metta, and not to the divisional super- 
intendent. The colliery is under a_ colliery 
manager responsible to the general manager. The 





The Ebute Metta district, with headquarters at 
Iddo, including the line to the station south of 
Ibadan. The Offa district, with headquarters at 
Offa, from Ibadan to Minna, exclusive. The Zaria 
district, headquarters at Zaria, including the main 
line from Minna, inclusive, to Kano, the branch 
to Baro, and the Bauchi Light Railway. 

The operation of traffic is carried out in theory 
by the district traffic superintendent. Weekly 
trains ordering notices are issued giving the general 
programme for the following week. Every morning 
all stations wire in yard reports. Intermediate 
train orders are then issued by telegraph ordering 
such trains as the yard report show to be required. 
These orders relate to the trains due to run on the 
following day. Orders for power are at the same 
time given to locomotive foremen, who. order the 
engines, and note spare engines or trains for which 
they have not power. It is clear that these inter- 
mediate train orders are the means by which the 
actual operation of traffic is carried out, and there 
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colliery accounts are kept entirely separate from 
those of the railway. 

The Western line for 200 miles runs through 
thickly populated country, the main products being 
palm kernels, cocoa, palm oil, and cotton. From 
there up to Zaria the population is scanty and traffic 
negligible, except for fair returns from the Baro 
branch. North of Zaria the population becomes very 
dense, exports being ground nuts, hides, skins, and 
cotton. On the Bauchi Light Railway, the exports 
are cotton from the West, and tin concentrates from 
the East. The principle traffic of the Eastern 
line is coal, and a large quantity of palm oil. 
The Eastern line is being continued from Enugu 
to Makurdi, crossing the river by ferry, and 
continuing north and westerly joining the main 
line at Kaduna junction. A little north of Jemma 


‘ @ 50-mile branch line will connect up the Bauchi 


light Railway from Zaria at Bukuru. 

At the time of Lieut.-Colonel Hammond’s 
arrival, there were four districts with headquarters 
at Ebute Metta, Minna, Zaria and Port Harcourt. 
It had long been recognised that the distribution 
on the Western line had disadvantages. The traffic 
did not coincide with the locomotive districts, and 
the district headquarters of the two departments 
Were situated at stations a long way apart, except 
grate Metta. As an assistant traffic superin- 
= ent with a large staff had to be kept at the 

locks at Iddo, the districts were altered as follows: 








are not less than five principal train-ordering 
authorities on this line, some being of quite junior 
rank, each only considering his own section. Some 
of them frankly stated during the inquiry that they 
considered their first duty was to their own section, 
for which they cannot well be blamed. Instances 
were brought to notice where engines had been run 
back light, when they might have been employed 
for a return journey on the adjoining section, and, 
being returned with a useful load to their home 
station, in time to handle the traffic there. 

The traffic manager, although he receives daily 
reports, appears to have been out of touch with the 
general requirements, and to take little active part 
in the ordering of trains. During the months of 
December and January, when the heaviest traffic 
season was in full swing, only three important orders 
emanated fromthe traffic manager’s office. One issued 
when it was clear that there would be ground-nut 
traffic, directed that all empties should be despatched 
to Kano. The second, which detailed the conditions 
under which open trucks could be used for the same 
traffic, became ineffective after a short time, as 
the merchants declined to accept them any longer. 
The third related to the cancellation of a ballast 
train, and was issued three days after the train had 
ceased running. The table in the next column 
giving statistics of goods vehicle service in Nigeria 
and in other colonies is interesting. 

The three reasons pleaded in extenuation of 


delays were the seasonal nature of the traffic, 
the shortage of motive power, and the practice 
of keeping wagons under load at Iddo wharf, 
but these were not alone responsible for bad 
wagon usage. Figures in the report show delay 
to trucks of whole consignments at times when 
these excuses did not hold good. The Kano 
Chamber of Commerce complained of delays and 
supported their complaints with actual instances. 
Other departments of the railway also complained 
of delays to urgent consignments which were not 
due to the stores department. 
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Mean 
No. of | Mileage Po sy 
Railways. Goods of Ton Miles 
Vehicles.| Lines Miles “* 

Worked. 7 , Vehicle. 
Nigeria, 1922-23 ..| 3,060 1,126 | 124,870,935 | 40,807 
Mashonaland, 1922 2,330 1,865 | 443,932,036 | 190,529 
Uganda, 1922 : 1,448 709 | 99,994,044 69,057 
Sudan, 1921 Gia 993 1,489 | 138,996,965 | 139,977 








Lieut.-Colonel Hammond states that the chief 
cause of delay in moving the seasons ground-nut 
crop from Kano, were detention of trucks at Iddo 
wharf, where, owing to the awkward siteing of the 
export sheds, merchants were allowed to keep 
trucks under load, instead of off-loading into the 
sheds ; when Apapa is taken into use this evil will 
be cured. Delay is also due to the shortage of 
motive power, but is not due to shortage of wagons. 

A Traffic Training School is in existence and 
has achieved good results. This is significant. 
This department is the only one which has tackled 
the training of the African in a systematic fashion. 

In dealing with the locomotive department 
Lieut.-Colonel Hammond states that the present 
workshop facilities were recognised in 1914 as being 
inadequate, but proposals for extension were held 
up owing to the war, and new shops were only 
completed in January, 1924; 43 per cent. of the 
3-ft. 6-in. gauge and 50 per cent. of the Bauchi 
Light Railway engines were under repair, the high 
proportion being due to want of workshop facilities. 
In addition to this, delay in transport arose from a 
shortage of drivers, full use being made of those 
available. A scheme is recommended in the report 
for training native engine drivers to replace or 
assist European drivers, when expansion is needed 
to meet rushes of traffic. The maintenance of 
engines in service is said to have been good. 

With regard to the 3 ft. 6 in. gauge engines, 
owing to inadequate repair facilities, the railway 
has been forced in order to cope with the increased 
traffic, and the requirements of new extensions, 
etc., to buy new engines to take the place of 
those which they could not repair. The blame for 
this cannot be laid on the shoulders of the running 
branch. Of the 15 engines on the Bauchi Light 
Railway at the date of the inspection, two were 
unserviceable ; three were shunting engines. Half 
of the remainder were in service, and the other 
five undergoing general repair. Four of these 
engines had been in continuous service since 
1912. The continuous work to which they had 
been subjected had developed boiler troubles, and 
they had been stopped by the boiler inspector as 
too dangerous to continue in service. The average 
mileage per engine is about 22,000 engine-miles 
per annum, and under the climatic conditions, does 
not compare unfavourably with other countries. 
Of the engines which were in running order the 
number of failures were few. In 1923 the failures 
were 28, while the engine-miles per failure were 
47,172. 

The shortage of drivers was caused by the produce 
traffic being far heavier than anticipated. This 
lack of foresight affected not only the railway 
department but the commercial community also, 
who did not anticipate the large supply of ground 
nuts. In training the native to qualify as a loco- 
motive driver, Lieut.-Colonel Hammond recom- 
mends that the English practice be departed from, 
as in order to get the most suitable and intelligent 
type of native driver, class prejudices have to be 
considered. However good future prospects may 





be, in Eastern countries the higher class native will 
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not do manual work, and so will not pass through 
preliminary training as a fireman. The two grades 
will have to be kept entirely separate, and appren- 
tices should be enrolled for training as engine 
drivers, in the same way as apprentices are trained 
for fitters, and when vacancies occur for shunting 
drivers, they should be filled by apprentice drivers 
who are up to the required standard. 

The coal used is obtained from the colliery at 
Enugu as previously mentioned. The charge made 
is 10s. per ton on the Eastern, and 28s. per ton on 
the Western line. The calorific value, 11,290 
B.Th.U., is somewhat low, but it is remarkably 
cheap and despite the waste in carriage and diffi- 
culty of complete combustion, the railway is 
extremely fortunate in having such a cheap regular 
supply close at hand. The consumption varies 
from 72 lb. to 92 lb. per engine mile, but when 
new fire bars and brick arches are fitted, it is hoped 
to reduce this figure to 65 lb, The inspection of 
boilers is stated to be thorough and the records 
well kept. Except on the Eastern line, the water 
is good, and there has been remarkable freedom 
from boiler trouble. The good quality of the water 
led some while ago to the adoption of steel tubes 
on the Western line, but these have not proved 
satisfactory on the Eastern line, and are being 
replaced by brass or alloy tubes, 

With regard to the rolling-stock, all vehicles are 
subjected to three-monthly examinations. Bodies 
are lifted, the bogies examined, and boxes repacked, 
the date being stencilled on the vehicle. The hot 
box returns for the past three years show an 
average of about 100 per annum, which is not 
high. Attention is drawn to several failures of the 
automatic brake with which the vehicles are fitted, 
and cases are quoted where on the train parting, 
the rear portion has run a long distance before 
being pulled up. 

In addition to its ordinary duties in connection 
with the maintenance of way and works, the 
engineering department has under its charge several 
large works paid for out of capital funds. These 
include the relaying of the section from Iddo to 
Ibadan, the construction under contract of the 
workshops at Ebute Metta and Enugu, and the 
survey for the realignment between Minna and 
Kaduna. The staff for these duties is separate 
from the ordinary maintenance staff. 

Lieut.-Colonel Hammond calls attention to the 
size of the districts of the maintenance staff, which 
even after the completion of the Eastern line, and 
the branch to Bauchi Plateau, and adjustments 
made, will average 267 miles each. European 
foreman platelayers are employed in charge of 
maintenance of the track, only one native foreman 
platelayer being employed. It is recommended 
that a larger number of native foremen platelayers 
should be employed, the European foremen being 
reserved for special work, such as the laying out 
of points and crossings, and it is suggested that 
three or four native foremen should be placed 
under one European. The report gives interesting 
notes on the use by European foremen of motor 
trollies with the idea of increasing their radius of 
work, but the trollies proved heavier than intended 
and despite the increased speed, the men could not 
have given the same attention to the road as they 
did without such machines, Even travelling slowly 
for a motor vehicle the speed would still have been 
too fast to enable the track to be examined as 
closely as it should be, and there is always the 
te% ptation to travel at the higher speed. 

Several stations between Ibadan and Jebba have 
loops much shorter than the standard length of 
1,400 ft. in the clear, some are as short as 774 ft. 
Trains containing many empties are often longer 
than 900 ft., if a crossing has to be effected with 
one of these trains at a station with a short loop, 
much shunting and loss of time to pass is 
involved. 

The railway is fed at certain points by motor 
transport run by the railway, but as there is now 
so much private competition, and the types of lorries 
are not suitable for the purpose required, Lieut.- 
Colonel Hammond recommends that these services 
be cut down to the Bukuru service only; the 
remainder of the lorries should be sold together with 


their spare parts. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Aw ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
April 24, at the Institution, Storey’s-gate, West- 
minster, when the President, Sir Vincent L, Raven, 
occupied the chair. 


HARDNESS TESTS RESEARCH. 


Two papers on Hardness Tests Research were 
presented in abstract by their respective authors 
and were then discussed. These contributions were: 
“* Report on the Effects of Adhesion between the 
Indenting Tool and the Material in Ball and Cone 
Indentation Hardness Tests,” by Mr. G. A. Hankins, 
of the National Physical Laboratory and “Some 
Practical Aspects of the Scratch Test for Hardness ” 
by Mr. Geoffrey A. Shires. Both are reprinted, 
abridged, in this issue of ENGINEERING, and will be 
found on pages 556 and 557. 

Dr. W. Cawthorne Unwin opened the discus- 
sion. He remarked that the paper by Mr. Hankins 
contained a great deal of new information, and 
one of the ideas brought forward cleared up 
a number of doubis and difficulties. Indenta- 
tion hardness had been taken as the load 
on the tool divided by the area of the inden- 
tation. The author had shown that part of the 
load was supported by the frictional adhesion 
between the tool and material and took no part in 
making the indentation, so that the proper rule 
should be, the load minus the friction divided by 
the area of the indentation. With regard to area, 
Brinell divided the load by the spherical area of the 
indentation. Ludwig divided the load by the 
conical area of the indentation. Six and a-half years 
ago he (Dr. Unwin), (see ENGINEERING, vol. cvi, 
page 478), had indicated as a general principle, 
without any experiment, that in indentation tests, 
it was not the spherical or conical area that should be 
taken, but the projected area, and he had said that 
if that were done, the hardness number for the ball 
test should agree with that for the cone test, 
He had not been altogether right in that contention. 
He had not at that time known of the influence of 
friction, and it was not until they used Mr. Hankins’ 
method of first detecting and allowing for the friction 
that the conditions he cited were satisfied. Taking 
the hardness number as the difference of the load 
and the friction, divided by the projected area of 
the indentation, the ball hardness and cone hard- 
ness numbers should agree. Certain experiments 
were made by Mr. Batson, at the National Physical 
Laboratory in 1918, which seemed to show that 
he (Dr. Unwin) was wrong. When the necessary 
frictional allowances were made, Mr. Batson’s 
results were found to agree with his original con- 
tention. In Table XVII of Mr. Hankins’ paper (see 
page 556) there was an extensive comparison of 
the author’s own results, and from this it would be 
noted that for any given indenting tool the hardness 
number was the same over a considerable range of 
loading, and for both ball and cone tests. It was, 
therefore, impossible not to see that the new value 
of the hardness number shown by Mr. Hankins must 
be a truer value of the hardness than the number 
as ordinarily calculated. The author of this paper 
had also found that, in certain cases, lubrication of 
the indenting tool made a difference in the size of the 
indentation. Lubricating a tool merely meant 
reducing the friction. A curious point arose. In 
the case of the ball test, when calculated as Brinell 
would have done (by dividing by the spherical 
area), there was not much difference when the ball 
was lubricated. That was of practical importance 
because it showed that it was needless to make much 
alteration in the method of the Brinell test. 

Continuing, Dr. Unwin said that it was almost 
a fetish among hardness testers to affirm that in 
making a ball test the load should be proportional 
to the square of the diameter of the ball. Mr. 
Hankins’ tests, however, showed that, to make 
proper hardness tests with balls, the load must 
exceed a certain minimum limit, below which false 
numbers would be obtained. If the pressure of 
fluidity of the metal were not reached at the contact 
surfaces, the full hardness would not be brought out. 
Mr. Hankins’ experiments also showed that, for 
any given indenting tool, over a considerable 








range of load, very nearly the same hardness 
number would be obtained, if corrections were 
made for friction, as if the hardness number were 
calculated in the ordinary way. He had, in 1918, 
called attention to the advantages of using a cone 
instead of a ball in making hardness tests; these 
advantages he would like to reiterate. He would 
say that, first of all, the hardness number in the 
case of the cone test was constant over a greater 
range of loading than in the ball test. The cone test 
also afforded a very easy method of determining 
the co-efficient of friction. Again, the formula 
for hardness in the cone test, when friction was 
allowed for, was quite simple, and was even less 
complicated than the ordinary Brinell formula. 
There was yet another point. Possibly it would 
be easier, in a cone test, to use a black diamond 
or an artificial sapphire as the indenting tool. 
This would be more easily ground to the cone 
shape than to a ball, while it was also possible 
that the hard materials at present difficult to test 
could, in this way, be more easily tested. Another 
important point in Mr. Hankins’ paper referred to 
exceptional materials, particularly manganese steel, 
the behaviour of which was peculiar. In the case 
of viscous manganese steel the load should, pos- 
sibly, be applied, not for the usual 30 seconds, but 
perhaps for 24 hours, before the definite value of 
the indentation could be fixed. The point was 
important, because hardness tests should not be 
extended to all kinds of materials without care. 
Professor B. P. Haigh observed that one of 
the features of the Brinell test was that attention 
was fixed on the diameter of the indentation, no 
other information being required in practice. For 
research purposes, however, much was to be gained 
by looking further afield. On examining the metal 
surrounding the cup of the indentation, it would be 
found that different metals gave different shapes. 
It followed that the stresses acting in the metal 
must be completely different. What was the nature, 
he asked, of the stresses round about the surface ? 
At the bottom, of course, there was pressure and 
no considerable friction, At the outside there 
would be much less pressure and, as careful 
consideration showed, a great deal of friction. 
There was no reason why the deformation of 
the metal should be left out of consideration 
because it was due to frictional forces. He 
could not, therefore, accept the view put forward 
that the friction was a thing to be eliminated 
from calculation, but that friction ought to be 
regulated, if possible, so that it acted in the same 
way in different tests. Friction was not a non- 
essential part of the Brinell test and there was no 
justification in trying to eliminate it. He had en- 
deavoured to regularise friction in experiments such 
as those described by Mr. Hankins, and he had been 
astonished at the difficulty in finding any difference 
between different lubricants. In the Brinell test 
he had only used a 5 mm. diameter ball, and not 
the larger sizes, but it had been very difficult to 
find a variation of more than } per cent. The only 
example of a wider variation was an instance 
which plain yellow soap was used as a lubricant, 
and in that case the difference was 5 per cent. 
With the prism test there was much less slipping. 
Dr. Walter Rosenhain, referring to the effect 
of lubrication on indentation, said that a matter 
requiring attention was the time allowed for the 
lubricant to escape, particularly in the cases in 
which Mr. Hankins made an ,impression, covered 
it with lubricant, and then re-inserted his indenting 
tools and redetermined the result. Much would 
depend, he thought, not upon the time during which 
the load was applied, but upon the rate of increase 
of load. As Dr. Unwin had pointed out, there was 
an easy escape for the lubricant, but he felt it right 
to say that given time enough the lubricant would 
be squeezed out completely, except for the boundary 
layer in the cone test. Sir William Hardy found 
that by merely allowing a weight to rest on ® 
flat plate lubricant—if given time enough—would 
be entirely squeezed out. Therefore the rate of 
indentation would be likely to have an effect ; 
not, of course, large, as the total effect of 
friction did not appear to be large. The friction 
between the two surfaces was not only a func- 
tion of the Iubricant but also of the nature of 
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the surfaces themselves. Mr. Hankins had recog- 
nised that, but had found that the difference was not 
very large. He had, no doubt, finished the surface 
of his indenting tool very perfectly, and that might 
make a considerable difference. The use of a cone 
which was extremely smooth and hard might render 
the difference of friction between different materials 
smaller than if a rougher cone were used. 

From the theoretical point of view, one point 
impressed him, namely, the fact that cones of dif- 
ferent angle, when the corrections were applied, gave 
identical contact pressures. He was a little sur- 
prised at that, as the amount of cold work which the 
material received must have been different when 
using a 120 deg. cone and when using a 30 deg. cone. 
The key could, perhaps, be found in the fact that 
the flow pressure of the metal at the surface 
had to be exceeded, in any case, before a satis- 
factory result could be obtained. The general 
fact remained that there was a deformation in a 
fairly large zone of metal, and the amount of 
deformation would depend on the quality of the 
metal—whether it was previously hard worked or 
not. If that were all, a constant value for the 
contact pressure, with cones of different indenting 
angle, would not be expected, simply because the 
amount of deformation of the surrounding metal 
must be very different when using a sharp cone 
or a blunt one; that it was not found was sur- 
prising and required explanation. It led to some 
speculation as to whether there might not be some 
factor not yet taken account of, but which might 
explain the small apparent effect of friction. The 
behaviour of manganese steel seemed to bear on the 
point; manganese steel underwent a remarkable 
degree of hardening as a result of deformation. 
He did not think that time entered into the con- 
sideration so much as Dr. Unwin suggested. Evi- 
dently, in manganese steel the effects of cold work 
were sufficiently marked to make themselves felt, 
whereas in the other materials used by Mr. Hankins 
that effect was not so marked. 

Turning to the subject of the scratching test, the 
objections to its use were great. If it were necessary 
to use so delicate a measuring instrument as that 
described in Mr. Shires’ paper, the test was not one 
which could be regarded as satisfactory. There were, 
however, points about the test which rendered it 
attractive, particularly the possible application of it 
to materials of very high hardness. The author had 
tned to scratch glass with his diamond, and after a 
little scratching the diamond had begun to show signs 
of great wear and tear. He assumed therefore that 
the diamond which Mr. Shires used was not applied 
in the right way for scratching and cutting a very 
hard material. There was a great deal to be learnt 
from the diamond setter. When attempts were 
made to use the diamond for scratching the surfaces 
of very hard substances, such as hardened steel, the 
diamond might behave in some way analogous to 
its behaviour on glass. There would be two different 
ways in which it might act ; one would be to scratch 
and the other to cut. From careful observations 
of scratches on glass, he could say that the diamond 
might stagger or chatter; instead of. having a 
uniform smooth slicing action, it might jump up and 
dig in again with brief periodicity. Similar action 
might result when passing a diamond over hardened 
steel. He therefore suggested that, in the softer as 
well as the harder materials, it might be worth 
While to use deeper scratches and decidedly heavier 
loads, thereby avoiding the necessity for excessively 
delicate measurement. The sclerometer which Mr. 
Shires described made no provision for the angular 
setting of the diamond. Accurate setting of the 
diamond and the use of a very much heavier load 
would make it possible to obtain scratches of 
Sufficient depth and width to be easily measured 
without excessive readjustment ; and it might be 
Possible, by using the diamond at the proper angle, 
hot necessarily in a vertical holder, to secure on 
: ened steel one type of indication; not one 

ype at one time and another later on. The scratch 
a measured surface hardness, whereas an 
— measured something else, which had a 
a of strength about it. Consequently dis- 

pancies were apt to arise, and it was necessary 
k to their origin. 
Dr. Harold Moore, referring to Mr. Hankins’ 
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paper, expressed surprise at the statement that the 
condition found with a vaseline coating was “ pre- 
sumably a usual condition in most indentation 
tests.”” In his experience, Brinell impressions were 
frequently made on surfaces which were particularly 
free from lubricant, although he did not say they 
were free from it altogether. Frequently, too, 
the ball was cleaned with petrol or something of 
that kind. He had made enquiries and was told 
that lubrication was not commonly used in Brinell 
hardness tests. He thought that Mr. Hankins had 
definitely shown that adhesion or friction did exist. 
A similar effect was well known in the compression 
test. Some time ago he had occasion to investi- 
gate this with some care in a test on a cylinder of 
annealed copper. There were two conditions for 
comparison. In the first case, the cylinder was 
compressed between highly polished, very hard and 
lubricated steel faces. In the other case, the copper 
was compressed, without lubrication, between 
intentionally and minutely roughened dry steel 
plates. In the perfectly lubricated case. the test 
piece remained parallel. In the other case, it was 
found that, in compression between the roughened 
faces, the specimen became deformed. The point 
he wanted to make was that in the one case 
the friction or adhesion effect was, apparently, 
entirely eliminated by taking smooth and _ per- 
fectly lubricated faces, and that the effect on the 
dimensions of the test piece was not very great. Mr. 
Hankins had certainly shown that the adhesion 
effect existed in the cone and the ball tests. He 
questioned, however, the magnitude of that effect, 
which he felt was much exaggerated in the paper. 
Mr. Hankins’ method of arriving at » was to use 
cones of different angles and assume that the differ- 
ence in the contact pressure given by the two cones 
was due to adhesion solely, and on that assumption 
he had calculated yp, the coefficient of adhesion. 
That appeared rather unsound, in view of Dr. Rosen- 
hain’s reference to the very different character 
of the deformation produced by cones of different 
angles. Mr. Hankins had explained his calculation 
by saying that p calculated from cones of two 
different angles would apply, apparently, to 
cones of any angle. Comparing a 45 deg. cone 
with a 90 deg. cone, in view of the amount of 
material displaced and the amount of cold work on 
the test piece, it seemed extremely unlikely that the 
same corrected contact pressure could be obtained 
by the correction for the friction only. He there- 
fore suggested that more confirmation was desirable 
before the conclusion was accepted and practical 
hardness tests were based on it. Confirmation was 
needed of the actual value of » before the figure 
0-425 could be accepted. 

Mr. P. V. Vernon had entertained a fear that the 
Brinell test, so useful to engineers, was in danger, 
but the moderation shown by the authors, when 
presenting the papers, had largely removed his 
apprehension. This test could be easily and quickly 
made. He was not quite convinced about the 
views expressed with regard to friction. It 
appeared to him conceivable that the particles 
with which the ball or cone made contact might 
move down into the material, causing an internal 
deformation. The real friction taking place was not 
friction from the impression sliding on the surface 
of the ball or cone, but internal friction among 
the particles of the material itself. He noticed 
that, in making his tests, Mr. Hankins had used a 
Buckton single-lever machine. He, Mr. Vernon, 
had tried to make reliable hardness tests with a single- 
lever machine without success. Some doubt must 
be thrown on results obtained by that method, as 
the inertia of the beam rendered it difficult to get 
uniform results when repeating tests on the same 
material. The use of a single-lever machine also 
created difficulty in making impressions in uniform 
time. The interesting fact emerged from the 
results of some of his own tests, that the time of 
application was much more important than dura- 
tion. Naturally, in making tests, it was desirable 
to make as many as possible per hour, and since 
there was an advantage in slowing down the rate of 
application it was desirable to shorten the duration. 

Mr. T. W. Cooper thought that the value of 
the scratch test had been clearly emphasised in 
one of the papers, In his own business, uniform 





hardness of the materials was of paramount im- 
portance, and, in testing for this, every known 
means of hardness testing had been resorted to, 
but for years past he had adopted the scratch 
test. He did not urge the scratch method for 
all materials, and was alive to the value. of the 
Brinell test. For small sections, however, he had 
abandoned the Brinell method and taken to the 
Rockwell. Table I of Mr. Shires’ paper (see 
page 557) drew attention to the great difference 
in the Brinell hardness numbers as compared 
with width of scratch. He, Mr. Cooper, had also 
found the reverse results—pronounced differences 
in hardness as indicated by the scratch test, and 
very small differences in the Brinell or Rockwell 
tests. With materials of exactly the same analysis 
and with the same Brinell number, there was a 
marked difference in the machining properties. He 
did not know whether the two authors had dis- 
covered anything along those lines, but it would be 
interesting if they could compare notes in that 
regard. There was a great need in industry for a 
machine which would give a hardness reading with- 
out deformation of the surface. In testing for surface 
hardness, it was essential that the whole of the 
hardened surface should be tested, and to make 
an impression constituted a blemish which might 
cause the rejection of the actual specimen 
tested. 

Mr. R. G. C. Batson followed, and stated that 
Mr. Hankins would agree that the adhesion method 
was not the last word in hardness testing. Mr. 
Hankins had said that the results showed no 
adequate reason why, in the case of the majority 
of materials, any alteration in the Brinell test 
should be made—or in the method of expressing 
the results—and that it would be generally agreed 
that the Brinell method would remain until it 
was possible to obtain another hardness scale 
which could be as easily and readily applied. At 
the same time, it was well known that the sooner 
the empirical hardness scale gave place to an 
experimental one, the better. The empirical nature 
of the Brinell test introduced many pitfalls, one 
of which was clearly shown from analyses of some 
of the results in the paper. Considering Mr. 
Hankins’ tests of annealed copper and of rolled 
copper, it would be found that one experimenter 
would test, under more or less standard conditions, 
up to 500 kg. with a 10-mm. ball, and would 
obtain a value for the annealed copper of about 
40, and for the rolled copper of about 70. Another 
experimenter would, perhaps, adopt his own 
standard and would test the same materials up 
to 2,000 kg., obtaining a value of 48 for the annealed 
copper in place of 40, while for the rolled copper 
he would obtain approximately the same value. 
Therefore, one of the experimenters would get a 
wrong idea as to the relative hardness of the two 
materials. With regard to scratch hardness, 
Mr. Shires’ paper appeared to show this test in 
a rather poor light. The author definitely stated 
that it was not suitable for workshops, implying 
by that statement that it was only suitable for people 
who had had considerable experience with such 
instruments., Yet he had told the meeting that 
he would like to see the instruments made in 
mass production, which was not quite consistent, 

Mr. H. 8. Rowell thought that Mr. Hankins had 
looked on hardness tests as though the actions 
used were comparable with a wedge splitting a 
log of wood, whereas it would probably be much 
better to look at the hardness test as the splash of 
a ball falling into a very dense and viscous liquid. 
Professor Worthington, some years ago, made 
some studies of splashes arising from steel balls 
falling into mercury, and the craters round the 
point of impact had been very similar, in many 
cases, to the craters of Brinell impressions. In 
the more interesting part of Mr. Hankins’ paper, it 
seemed to him that the thesis depended on the 
existence of friction at the surface between the ball 
and the steel under test. If that friction were the 
basis of the theory, it should tally with friction 
experiments carried out under other conditions. 
That was the crux of the entire subject, and although 
that theory might give an approximate expression 
for the viscous flow in the metal, he thought it 
could not be expressed too clearly that it did not 
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give any relation whatever for the friction at the 
surface of the ball on the steel. 

The President having proposed a vote of thanks 
to the authors. Mr. Hankins acknowledged this 
and said that Mr. Vernon need be under -no 
fear in ‘regard to the testing machine; he was 
sure that the results obtained were perfectly 
satisfactory. 

The proceedings were then closed, the announce- 
ment being made that on Friday, May 8, there 
would be an extra general meeting at 6 p.m., when 
the Fourth Report-of the Steam Nozzles Research 
Committee would be presented. 





LABOUR NOTES. 


A summary of the proposals, relating to working 
hours: and wages, which the Engineering and Allied 
Employers’ National Federation have submitted for 
the consideration of the engineering trade unions, 
was given in our issue of, last week. The text of the 
offer is .as follows :— 

1. Dayshift: 50 hours, at present hourly rates for 
47 hour week (excluding war bonus). 

2. Nightshift : 523 hours. 

3. War Bonus: 2s. per week to be added in the 
case of ‘those classes entitled to the 10s. war bonus. 
In view of the special bonus of 2s. 9d. at present paid 
in Belfast, this additional bonus of 2s. shall not apply 
to Belfast. The 12s. bonus in respect of the 50 hours 
dayshift week and the 52} hours nightshift week sha!l 
be pro rata for shortened or lengthened week, but 
shall not be subject to overtime, nightshift or payment 
by result percentages. The 2s. bonus will be granted 
as to 1s. when the proposal is agreed and 1s. six months 
later. 

4. Nightshift Payment: Where overtime and night- 
shift agreement applies, time and quarter. 

5. Overtime Payment: Where overtime and night- 
shift agreement applies:—On dayshift, time and 
quarter first two hours and time and half thereafter, 
in any one day. On nightshift—time and half. 

An explanation of the proposals is appended :— 

1. Dayshift: This means a week of 50 hours paid 
for at the present dayshift base hourly rate multi- 
plied by 50 (say at 47s..per week = 50s.) to which a 
bonus of 12s. would be added for a full week or propor- 
tionately more or less in accordance with the number 
of hours worked. 

2. Nightshift: 52} hours at present base hourly 
rates (52s. 6d. as above) plus one-quarter of this sum 
as explained in (4) below, plus 12s. bonus for full 524 
hours or proportionately in accordance with hours 
worked. 

3. War Bonus: It is to be specially noted that the 
bonus enhanced as proposed is to apply only to those 
classes who are in receipt of the present war bonus 
of 10s. The bonus enhanced as proposed is 12s. per 
week, applied as shown in (1) and (2) above. No por- 
tion of this bonus is to be taken into account in assess- 
ing the allowances due for overtime, nightshift, or 
payment by result percentages. At present the war 
bonus is taken into account for calculating the allow- 
ances for overtime and nightshift. 

4. Nightshift Payment: Applies only where the 
overtime and nightshift agreement now applies. The 
present allowance is one-third calculated on the day- 
shift base rate plus the war bonus. The proposal 
allows only one-quarter extra of the dayshift base 
rate alone, excluding the enhanced bonus. 

5. Overtime Payment: Applies only where the 
overtime and nightshift agreement now applies. 
On dayshift—The allowance now proposed is one- 
quarter for first two hours’ overtime daily, calculated 
on the base rate only. At present an extra of one- 
half is given, calculated on dayshift base rate plus the 
war bonus. After first two hours an extra of one-half 
calculated on dayshift base rate excluding the enhanced 
bonus. No double time is to be paid after midnight 
as at present. On nightshift—The allowance now pro- 
posed is one-half calculated on dayshift base rate, 
excluding the enhanced bonus instead of two-thirds 
calculated on dayshi.’t base rate plus war bonus as at 

present. 





In a letter sent to the trade unions with the proposals 
Mr. James Brown, Secretary of the Engineering and 
Allied Employers National Federation said :— 

“Since the joint meeting of the sub-committees of 
the Federation and the unions on March 31, 1925, the 
position of the industry has been the subject of very 
anxious consideration by the employers. A review of 
the situation which has developed during the last 
twelve months, and especially since the beginning of 
this year, has impressed the employers with the out- 
aaning fact that the engineering industry of this 
country has reached a crisis which, if it is to be over- 


ofallconcerned. That a crisis exists cannot be doubted 
by anyone conversant with the facts. 

‘When we met in sub-committee on March 31, 
your chairman urged that the employers should state 
the amount of the advance in wages they were pre- 
pared to offer and the conditions attached thereto. 
The employers were at that time, for the reasons 
explained, unable to do so. Since then, the whole 
position has been reviewed by the Federation, and in the 
light of recent developments, it has been decided that 
in order to clarify the issue at the forthcoming meeting 
of the unions, a definite proposal should be submitted. 
I am accordingly desired to append the proposal. 
“In submitting this proposal I am desired to direct 
the attention of the representatives of the unions to the 
following considerations :—(a) The position and pros- 
pects of the industry are worse than they were at the 
beginning of this year. (6) The critical position demands 
a remedy of a drastic character. (c) The increase in 
the length of the working week at this stage is rendered 
necessary by the action of our foreign competitors 
who maintain a working week extending to 60 hours 
at lower rates of wages and working conditions and 
temporarily render competition by this country in the 
world’s markets so difficult. (d) If foreign competitor 
nations effectively decrease their working hours so as 
to bring them into reasonable relation to the working 
week in this country, the arrangement now proposed 
could be reviewed. (e) Meantime it is suggested that a 
joint submission by the Federation and the unions 
should be made to the Government, pressing upon 
them the necessity of taking such steps as may be 
possible under the Peace Treaty or otherwise to secure 
an arrangement whereby the working hours of com- 
petitor nations on the Continent should be dealt with 
as indicated. (f) An increase of hours to meet the 
necessity of the case has already a precedent. (9) 
The extension of hours and the bonus proposed will 
substantially increase the earning power of the work- 
people. (h) The readjustment of the cost of nightshift 
will, if trade improves, give substantial employment to 
those unemployed. (i) The employers feel sure that 
the gravity of the situation will convince everyone 
concerned of the necessity of increasing production 
and reducing costs. (7) One of the serious and avoid- 
able causes of high cost of production is restriction 
of output. Elimination of this would be a powerful 
stimulus to reduction of costs, revival in trade and 
increased employment. Important also is the relaxa- 
tion of the claim of any class of workpeople to an 
exclusive right to any operations or any particular 
job. Co-operation by the trade unions in these 
directions is essential from a national as well as an 
industrial standpoint. (k) It is to be kept in view that 
the 10s. war bonus is still in operation. 

“Should your sub-committee desire to have explana- 
tion of any of the provisions of the proposal, the Federa- 
tion will be glad to arrange an early meeting for this 
purpose. Meantime I am desired to suggest that the 
proposal should be considered with due regard to the 
vital necessities of the industry.” 

The conference of engineering trade union repre- 
sentatives to which these proposals and the accom- 
panying letter were submitted, decided to refer the 
matter to their various executive councils, and to 
meet again in London on May 20. The offer was 
officially stated to have ‘‘ somewhat surprised” the 
delegates, and “strong opinions were expressed at 
the attitude of the employers in submitting” it. 
On reflection, however, it was realised by individuals 
(1) that there was nothing really surprising in it, 
and (2) that, considering what the need of the British 
engineering industry is, no alternative course was 
open to the employers. In the country the proposals 
have naturally not been received with great favour. 
Well-known extremists here and there have, as a 
matter of fact, strongly condemned them. The feeling 
amongst moderate men is, however, that they cannot 
be ignored, but, on the contrary, must be carefully 
studied. If they are given full effect, production 
costs will be reduced to a level which will enable the 
industry to cope with foreign competition, every day- 
worker will be able to earn more money per week, 
and the community’s heavy burden of unemployment 
will be lightened. The employers’ aim is to achieve 
these objects, and they will welcome the co-operation 
of the workers’ representatives. 





The shipyard trade unions and the Shipbuilding 
Employers’ Federation have agreed to set up a joint 
committee to carry out an investigation into the 
economic state of their industry. The scope of the 
inquiry will, it is understood, be fixed at a joint meeting 
of representatives of both sides in London to-day, and 
the smaller body will begin its work within the next 
few days. The scope of the investigation should not 
be difficult to arrange, as no practical shipbuilder or 
shipyard worker is in any doubt as to what is the 


difficulties if they choose. It is to be hoped, however, 
that, remembering the state of the industry, and its 
high unemployment figure, they will, for once in a 
while, forget their peculiar economic theories, and 
deal like practical men with the facts of the matter, 
The position here, as in engineering, calls for business. 
like treatment. 





At a meeting in London last week, the executive 
of the Miners’ Federation of Great Britain decided to 
hold a delegate conference at Blackpool on May 20 
“to hear a report of the proceedings of the joint 
committee up-to-date and to discuss the whole 
situation.” Another meeting of the joint committee 
of coal-owners and miners’ representatives is to be 
held in London a week before the delegate meeting, 
and at it, it is understood, the coal-owners will be 
invited once again to bring matters to an issue by 
putting forward definite proposals. A majority of 
the men’s executive wish to have the joint inquiry 
concluded, and the employers’ proposals formulated 
before the delegate conference takes place. 





The Court of Inquiry into the Labour troubles 
which are threatened over the construction of 
Messrs. G. and J. Weir’s steel houses has reported 
much as reasonable men on both sides expected it 
would. “There appears to us,” it says, “to be no 
reason why the local authorities should not proceed 
at once with their arrangements for the erection of the 
demonstration Weir houses, It is very desirable in 
the interests of the community that the recommenda- 
tions of the Moir Committee for the erection of houses 
of a type faced externally with steel sheeting in sufti- 
cient numbers to enable the system to be properly 
tested, should be carried out at the earliest moment. 
The question of the rates of pay which should be 
assigned to the different classes of workmen engaged 
in the various operations in the housing factory and 
upon the sites, and the conditions of their employ- 
ment, is, in our judgment, a matter which ought to 
be, and can be, settled by agreement between Messrs. 
Weir and the trade unions representing the men 
employed on the work; rates and conditions thus 
determined would appear to us to meet the obliga- 
tions imposed in connection with the observance of 
the Fair Wages Clause. It is not, in our view, a case 
for the automatic and rigid application of rates and 
conditions which have been established in respect of 
the ordinary methods of the building trade. The 
erection of the Weir house consists of the assembly of 
a number of standardised parts carefully prepared in 
advance in such a way that they will fit together without 
adjustment and without requiring the skill of specialised 
craftsmen. The representative of the National Federa- 
tion of Building Trades Operatives gave us a vivid 
description of the method of building the ordinary 
brick house. The process as described appears to 
us to be essentially different from that involved in 
the assembly of the Weir house. Furthermore, there 
can be no doubt that payment by results—a recognised 
feature in the engineering industry—is peculiarly 
appropriate to the methods both of manufacture and 
assembly followed by Messrs. Weir in house con- 
struction, and we are convinced that such a system, 
worked out in conjunction with the men’s trade unions, 
will, if put into operation by Messrs. Weir, result in 
advantage both to the firm and to the men employed. 
> It appears to us, therefore, that both rates 
of pay and conditions of labour must be adjusted to 
the new conditions by the procedure we have suggested 
above. The position of the workmen employed can, 
in our opinion, be fully safeguarded by their own 
trade unions, in consultation on matters in which the 
interests of the building trade proper appear to be 
affected with the building trade unions.” 





The National Federation of Building Trades Opera- 
tives naturally strongly dissent from the findings of 
the Court. At the end of a long statement, signed by 
Mr. Coppock, appears this paragraph :— : 

“We stand for the maintenance of collective 
bargaining, the retention of the fair wage resolutions 
throughout the country, and for the standard building 
trade rate to be paid to any person who may be 
employed in erecting any type of house, whether it 
be ‘ Weir,’ ‘ Athol,’ ‘ Wild,’ ‘ Telford,’ brick, stone oF 
concrete. Our stand is made in the interests of the 
trade-union movement, and no amount of sentiment 
can upset our just claim.” 


The Ministry of Labour states that on April 20, 
1925, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain — 
1,202,700, viz., 922,300 men, 36,600 boys, 211,60 
women, and 32,200 girls. On April 13, 1929, the 
number was 1,204,770, made up of 924,810 men, a 
boys, 216,351 women, and 30,045 girls ; on April 21, 
1924, it was 1,050,546 or 775,632 men, 32,362 boys 





matter with the industry. The theorists who abound 





come, will only be overcome by the fullest co-operation 


in the Labour movement to-day can, of course, make 


210,191 women, and 32,361 girls. 
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THE HECLA PULLING JACK. 


WuEN the coal has been removed from the working 
faces in any place in a mine the props supporting the 
toof are usually withdrawn and the roofs are allowed to 
settle down on gobs, or packings made up of waste 
material. Not only are the good props saved by this 
process and made available for use in other locations, 
but the roofs generally settle down on the gobs 
much more steadily and regularly than if any of the 
Props were left behind. Careful withdrawal of the 
timbers is advisable, in order to reduce to as small a 
num ber as possible the accidents to miners at their 
working places, due to excessive pressures suddenly 
causing a collapse. Various devices have been designed 
to obtain the necessary pulls to withdraw the props, but 
many of the appliances, until now available, cannot 

employed unless there is plenty of space available, 
which is, unfortunately, not a common condition in a 
— Recently a practical miner, Mr. W. Blair, 
oe a pulling jack for the purpose which is suitable 
or use in restricted spaces and has many interesting 


‘atures and applications. This appliance, the manu- | 





| facture of which has been taken up by Messrs. Hadfields 
| Ltd., of Hecla Works, Sheffield, is illustrated in Figs. 1 
to 4 above. 

It consists of a chain-pulley winch, operated by 
means of a rachet drive, and is provided with a hook 
for connection to a lashing chain. All the parts are 
made from Hadfields’ toughened or forged steel. The 
simplicity of the device and its compactness will be 
apparent from Fig. 1, which shows the complete equip- 
ment with pulling chain, and its application to three 
types of work may be seen in Figs. 2to 4. The method 
of use consists in attaching the pulling jack by its 
lashing chain to a suitable prop and tying the end of the 
pulling chain to the prop that is to be withdrawn. The 
free part of the pulling chain can now be set on the 
chain wheel to leave little slack in it. Once this is done 
and the links of the chain are lying snugly in the 
pockets of the chain wheel, the prop can be removed 
by exerting a suitable pull on the chain by working 
the lever to and fro. The withdrawal of a prop 
by using a direct pull from the jack is shown in 
Fig. 2, while the introduction of a twisting movement 











prior to the direct pull, by the introduction of Alcock’s 











FOR MINE WORK. 


MESSRS. HADFIELDS LTD., ENGINEERS, SHEFFIELD. 
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‘* Twista,” is depicted in Fig. 3. Buried props can be 
recovered by the use of the appliance, and Fig. 4 
affords an indication of how the device can be 
applied to the exposed part of a sunken prop for the 
purpose. In addition to these classes of work, it will be 
obvious that a pulling jack of this type may be used for 
other types of work, such as releasing buried rails and 
wagons, drawing the ends of wire ropes together for 
splicing, separating loaded wagons that have become 
interlocked and for moving heavy weights generally. 
It will be recognised that for almost every purpose the 
work can be performed at one setting of the pulling 
jack, and thus the wasted time due to slacking off and 
taking up the chain, which is necessary with some types 
of jacks, is avoided. 





U.S. Om Rerinery Staristics.—The daily capacity 
of the petroleum refineries of the United States, including 
those building, is 2,832,532 barrels of oil. This figure 
shows an increase of nearly 138 per cent. in refining 
capacity within the past seven years. There are at 


present 547 oil refineries in the United States compared 
with 176 on January 1, 1914. 
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HARDNESS TESTS RESEARCH. 


Report on the Effects of Adhesion between the Indenting 
Tool and the Material in Ball and Cone Indentation 
Hardness Tests.* 

By G. A. Hankins, A.R.C.Sc. 

Tue Report contains the results of experiments 
which have been made with the object of supplementing 
existing knowledge on the results given by static ball or 
cone indentation hardness tests when adhesion between 
the indenting tool and the material is considered. 
The work was commenced with the intention of 
investigating the relation between the results given by 
the scratch method devised by the Author (see Pro- 
ceedings I.Mech.E., 1923, page 423) and the normal 
ball and cone indentations. In certain tests which 
were made in order to. compare the mean pressure 
under the diamond point in a scratch test with the 
mean pressures under the indenting tool in a ball or 
cone test, indications were obtained that some form of 
adhesion, analogous to friction, between the indenting 
tool and the material was of appreciable importance 
when accurate mean pressures were required. There 
were also indications that the adhesion was dependent, 
to a limited extent, on the initial conditions of the 
surface of the indenting tool and the material with 
regard to lubricant, and that variations in static 
indentation hardness test results might occur by reason 
of variations in the initial surface conditions. 

The Ludwig cone hardness test,t in which a 90 deg. 
steel cone is used as the indenting tool, has not been 
widely used in this country, but for convenience in the 
preparation of the initial conditions this form of test 
was preferred to the ball test. It has been stated that 
indications were obtained that variations in the hard- 
ness number might occur by reason of variations in the 
initial surface conditions of the indenting tool and the 
material, and in the first tests that were carried out, 
widely dissimilar conditions were produced in order to 
increase any possible variations in the resulting hard- 
ness numbers. The variations in initial conditions 
were obtained by carefully cleaning the cone and the 
surface of the bar before each test, and then applying 
a small quantity of a parvicular lubricant immediately 
before the actual indentation was made. One test 
was also made without any lubricant on the cone and 
surface. It was found that the initial conditions of the 
surfaces had an appreciable effect on the sizes of the 
impressions produced, and, as would be expected, the 
good lubricant, oleic acid, gave the largest, and clean 
conditions the smallest, indentation. Vaseline gave an 
intermediate result. It was inferred from these tests 
that an action similar to static friction, but probably 
approaching boundary conditions, was instrumental in 
supporting a portion of the load in the cone tests. The 
results show that variations of initial conditions which 
may arise in practice are liable to cause appreciable 
variations in the resulting hardness numbers. Subse- 
quent experiments were made on various materials, 
and it was found that unless similar initial conditions 
were used, variations in the size of the resulting impres- 
sions were liable to occur. It was found, however, 
that when vaseline was used on the cone and surface, 
fairly consistent results were obtained. 

The wide variations in results that can be obtained 
by variations in the conditions of lubrication of the 
cone show, fairly definitely, the existence of the 
adhesion, and that it is an important factor in the results 
obtained. It should be noted, however, that the 
results were fairly consistent in the cases in which 
separate impressions were made on a muterial under 
definite initial conditions, and that the value of the 

Load 

projected area of impression 
applied load. For various reasons it was decided to 
prepare hardened steel cones with vertical angles of 
120 deg., 60 deg., and 45 deg., and to carry out tests 
with them on different materials. In making these 
tests it was found that the inconsistencies noted with 
the 90 deg. cone were considerably less with the 120 deg. 
cone, but were accentuated in the cases of the 60 deg. 
cone and the 45 deg. cone. With the latter, con- 
siderable care in maintaining constant initial con- 
ditions was necessary in order to obtain consistent 
results. 

Miscellaneous ball incentation tests were made on 
copper, mild steel, and 0-48 per cent. carbon steel using 
5 mm. and 10 mm. steei balls at the standard loads 
of 750 kg. and 3,000 kg. respectively. It was found 
that wide variations of initial conditions had no 
appreciable effect on the diameters of the impressions 
produced, and it was concluded that variations likely 
to occur in routine ball hardness testing due to 
variations in initial surface conditions, were so small 
that they could be neglected. It should be noted 
that it was found to be difficult to clean the balls 


was independent of the 








* Presented at a meeting of the Institution of Mechani- 
cal Engineers on Friday, April 24, 1925. Abridged. 
+ Proceedings I.Mech.E., 1918, page 485. 


used for the tests, and it seems probable that a thin 
film of grease remained on the surfaces of the balls, 
and this may account for the constant result obtained 
in ball tests under various initial conditions. The 
results showed that the adhesion exists in the normal 
ball indentation test, and, as would be expected, the 
effect is greater in the deeper impressions. 

The method of expressing an indentation test 
result in terms of a stress or pressure gives the mean 
stress per unit area over the indentation, and because 
of the unknown distribution there was no alternative 
to making the correction for the adhesion in the same 
way on the mean stress per unit area over the whole 
indentation. The assumption that the adhesion was 
similar to static friction when equilibrium was main- 
tained between the applied load and the resistance of 
the material can be expressed as follows: (a) A force 
similar to a frictional force, acted tangentially along 
the surface of the indenting tool over the whole surface 
of the indentation in opposition to the applied load. 
(6) The ratio of the tangential force to the normal 
pressure between the tool and the material was constant 
for a polished hardened steel indenting tool, and a 
given test material under constant lubrication con- 
ditions. This ratio has been denoted by ». Making 
the above assumptions, an expression can be obtained 
by means of which the mean resistance to indentation 
corrected for the adhesion can be calculated from 
the diameter of the indentation measured after test, 


sidering first the cone tests, it can be seen that for any 
given cone and material, and constant initial surface 
conditions in regard to lubricant, the value of the 
contact pressure is independent of the load. Variations 
do occur, but examination shows that they follow no 
particular sequence, and although variations in the 
material along the bar cannot be altogether neglected, 
the author has little hesitation in attributing the main 
variations in the cone results to small differences in 
the adhesion conditions occurring in the tests. In all 
cases the sharper angle cones give higher values, but 
when allowance is made for the adhesion between the 
cone and the material, the value of the corrected contact 
pressure is found to be reasonably constant for the 
particular material, and independent of the angle of 
the cone or the applied load. This general result does 
not apply to manganese steel. 

In the case of the ball tests the contact pressures 
(normal ball hardness numbers using projected areas) 
show the familiar increases in load, the rate of increase 
being greatest for manganese steel and least for the 
work-hardened steel B.E.P. Considering the corrected 
contact pressures, and excepting manganese steel, it 
can be seen that for a particular material the value is 
approximately constant over a certain range of load, 
which range is dependent on the size of the ball and the 
material under test. Further, the constant value over 
this range of load is in fair agreement with the corrected 
contact pressure given by the cone tests on the same 





TABLE XVII.—Sum™Mary or REsvULts. 





Corrected Contact Pressure in kg. per mm®*. 


___ | Brinell Hardness 








Number 3,000 kg. 








Material. Value | | 
of z. {45deg.! 60deg. | 90deg. | 120deg. | | 10 mm. Ball. 
Cone.| Cone. | Cone. Cone. 5 mm. Ball. 10 mm. Ball. | 
oe : | F | | os Or | 
Annealed Copper | 0-425 | 45-3 | 44-5 46-2 | 45-6 —S ae? a ‘dads 
_1 OF 2n00-7 
Rolled Copper Bar ‘ ‘| 0-35 68 — | 70 | — —— sar 000 68 
a. Bee. 8 
Mild Steel oe ..| 0-325 | 110 110 109 | 107 750-2,000 3,000 Lae 108 
| | | ( 1,000-3,000 | 3,000-10,000 
; A| 0-28 | 182 | 184 132 | 184 180 180 - 
0°48 per cent. C. Steel { F | 0-20 | — | — | 179 | 182 1,000-3,000 | 3,000-10,000 [ 188 
| 181 181 
Annealed Tool Steel ..) 0-25 | 272 | 277 | 271 | 272 — | ee 274 
| | 9 
Manganese Steel’... 0-30? | 280 | 306 | 276 | 245 a ny — 220 
Steel B.E.P. Normalised | 0-30 | — 177 | 172 | 178 | 176 
| Onn_s _ 
Steel B.E.P. Cold-Worked) 0-25 | — | 214 | 216 | — i le) ae 218 
| 











With the exception of 0-48 per cent. C. Steel B, in which Aquadag was used, the lubricant was vaseline. The figures given above 
a ball test result are the values of the load over which a mean value of the corrected contact pressure has been taken. 


provided a value of u can be obtained and that elastic 
deformation can be neglected. In expressing the 
result when such a correction had been applied, it 
was desired to obtain a measure of the mean intensity 
of pressure between the indenting tool and the material, 
in preference to a more or less arbitrary hardness 
number. In order to do this it was necessary to 
depart from the usual method of expressing results. 
Tt has been pointed out by Dr. Unwin (see 
Proceedings M.I.Mech.E., 1918, p. 486) that it 
is more logical to express indentation hardness re- 
Load 
projected area of indentation 
Load 
: : ——, although the latter method 
spherical area of indentation 7 
is usual in ball and cone tests. From  con- 
siderations of equilibrium the latter is not correct. 
It is also well known that measurements of depths 
of indentations neglect ridge formation round the 
indenting tool, and since the inner part of the 
ridge helps to support the applied load, it is in- 
correct to neglect it. Hence, in the present experi- 
ments, the adhesion correction has been based on 
Load : 
: : -——, and diameter measure- 
projected area of indentation 
ments have been used. It was found that the 
corrected mean normal pressure between cone and 
material, p, was given by the following expression 
P 
mw r2 (1 4-u cot 6) 
where P= the applied load, r= 4 (diameter of 
indentation) and @= 4 angle of the cone. The 
similar equation for a ball indentation is 


ws iy 
i am v2 + © R2 uw (@ — sin @ cos 6) 


, in preference to 





sults as 











where R is the radius of the ball and @ = sin-? 5. 


The indentation test in general measures the resistance 
exerted by a material against penetration by the indent- 
ing tool and assuming the validity of the adhesion 
correction, it is considered that the corrected contact 
pressure is a more accurate measure of the resistance of 





the material than has hitherto been obtained. Con- | 


material. For convenient reference the mean values 
of the corrected contact pressures on the various 
materials are collected in Table XVII and the standard 
Brinell hardness numbers are also given. 

Table XVII brings out a very useful result. The 
corrected contact pressures obtained in several different 
ways and expressed as a pressure in kilogrammes per 
square millimetre, agree fairly well with the standard 
Brinell hardness numbers for all the materials except 
manganese steel. The reason for this is fairly obvious ; 
the use of the spherical area in the standard test make 
a difference in the value of the contact pressure which 
is of the same order as the adhesion correction, and 
hence the standard Brinell numbers are approximately 
the same as the corrected bal! and cone contact 
pressures. The existence of an approximately cunstant 
value of the corrected contact pressure over a particular 
range of load is of considerable interest. It will be 
noted that the range of load varies for different 
materials, commencing at low loads on the rolled 
copper and work-hardened steel, and at about 3,000 kg. 
to 4,000 kg. load on the remaining materials (except 
manganese steel) for the 10 mm. ball tests. For the 
5 mm. ball tests the loads are proportionately lower. 
It is usually considered that the increase in ball hard- 
ness numbers at the higher loads is due to increased 
resistance to penetration following on the cold working 
of the material during a test. The present results 
show this only occurs up to a certain value of the load, 
which is dependent on the material ; beyond that vad 
further cold working is not apparent, and the resistance 
remains approximately constant. There is a tendency 
for the corrected contact pressures to fall at very high 
loads in the ball tests, but it can hardly be expected that 
| the adhesion correction is valid when a portion of the 
surface of the ball is nearly parallel to the line of 
action of the applied load; a condition which occurs 
when the ball is deeply embedded in the material. 
In the case of manganese steel, no value of « could be 
found which gave agreement of the various cone test 
results. No direct evidence was obtained on which to 
base a value of x, but it was considered that «= 0-3 
would show the general trend of the results. It is 
inferred from the corrected results on this material that 
continued cold working has occurred at all loads, and 
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itis very doubtful if the maximum value of the corrected 
contact pressure can be obtained in a ball test. The 
cone test results, showing increased contact pressures 
with decrease in the vertical angle of the cone, also 
support this inference, which is consistent with the 
known properties of the material. ; 

In general, from the results of the present investi- 
gation it appears that the resistance to indentation 
of a material by a ball or cone, when corrected for 
adhesion between the material and the ball or cone, 
is reasonably independent of the applied load and 
the indenting tool, provided the vertical angle of 
the indenting cone is not greater than a certain 
limiting value, and the ratio of the ball diameter 
to the impression diameter is not greater than a 
corresponding limiting value. The limiting values 
specified above are dependent on the test material, 
and are apparently related in some way to the degree 
of work hardening which has been given or can be 
given to the material. The approximate maximum 
limiting values for the ball ratio are given in 
Table XVIII, and have been taken from the various 
results given in the present Report. It seems likely 
that the ratio should be independent of the ball 
diameter for a given material. For the materials 
considered, excepting manganese steel, the 120-deg. 
cone appears to be less than the maximum limiting 
cone angle. 

The definition has been made in general terms, 
but it will be seen from Table XVIII that the limits 
are fairly wide. Thus, excepting manganese steel, 
the 90-deg. and 120-deg. cones are within the cone 
limits on all the materials, and also the standard 
loads on the 10-mm. and 5-mm. balls. It is considered 
that all tests made within the limits of the definition 


TaBLe X VIII.—Approvimate Maximum Limiting Ball 
Ratios from Present Results. 
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Steel B.E.P..Normalised..| 2-2 | 3,000 2-2 750 
Steel B.E.P., Cold-Worked| 4:1 | 1,000 4-1 25 








are directly comparable, and appear to be a measure 
of the same property of a material in all cases. It is 
the opinion of the Author that the standard Brinell 
test is just within the limits of the definition for the 
majority of engineering materials within the Brinell 
range 70 to 300, but it is probable that exceptions, 
in addition to manganese steel, may befound; annealed 
nickel seems a possible case. At the higher hardnesses 
(say, 300 Brinell number and upwards), further 
experimental work is necessary before any definite 
conclusions can be drawn. 

Dr. Unwin has given a definition of hardness as 
“the intensity of pressure at which the material 
yields or flows in the conditions of the indentation 
test” (ENGINEERING, May 17 and June 21, 1918), 
but probably because of the differences obtained with 
various indenting tools and variations with load in 
ball tests, his definition does not appear to have been 
generally accepted. The corrected contact pressures 
given in the results represent a more rational value 
of the intensity of pressure than the usual ball and 
cone hardness numbers, and it has been shown that 
the value, within certain limits, is independent of 
the method of test. The hardness, expressed in this 
way, can therefore be regarded with greater certainty 
than has hitherto been the case, as a definite property 
of a material. During the last few years a large 
amount of experimental work on indentation hardness 
has been carried out, and attempts have been made 
to give a real meaning to the term “hardness.” It 
18 considered that the present results substantiate 
Dr. Unwin’s definition of indentation hardness as a 
definite property of a material when the time effect 
during a test can be neglected. In static indentation 
tests on the harder materials the time effect is small 
when the load is applied for 30 seconds, but for soft 
materials, and for all materials under impact conditions, 
presumably the rate of yield or flow, and the intensity 
of pressure would not be independent. It seems 
probable that allowance for adhesion between the 
indenting tool and the material in impact indentation 
tests would yield interesting and possibly valuable 
results. Whether the distribution of the corrected 





pressure over the indentation can be determined, 
and the result correlated with the other mechanical 
properties of a material, remains to be shown, but in 
the opinion of the Author it is not at all impossible. 
Direct conversion of cone test result to ball test 
result requires a knowledge of the value of yu, but 
it appears that a value of u« = 0-3 might reasonably 
be assumed over the Brinell range of 70 to 300, 
without causing any very serious errors. The rule 
Cone hardness ( = ) 


Brinell hardness number = r2 





1+ weot 6 
_ Cone hardness 


— 
would then give agreement of ball and 90-deg. cone 
test results. 








Some Practical Aspects of the Scratch Test for Hardness.* 
By Grorrrey A. Sutres, M.Sce., A.I.C. 


One of the primary objects undertaken was the con- 
struction of a sclerometer sufficiently trustworthy in 
action to allow of its being employed for accurate 
measurement in the subsequent part of the investi- 
gation, and at the same time of a design and mode 
of operation simple enough to serve as a model for 
an instrument for practical use. 

The apparatus consisted of two parts, the diamond 
holder and the support. The diamond holder consisted 
of a brass tube (approximately 1 mm. in wall thickness). 
A plug was sweated into the bottom end of this tube, 
and contained a threaded hole into. which any desired 
diamond mount could be fitted. The diamond was 
mounted in a piece of cartridge-shaped gilding metal, 
threaded at the top end so as to screw into the plug. 
The support was a brass tube with somewhat thicker 
walls (approximately 3 mm.), the lower end of which 
was flanged to enable the tube to stand upright more 
readily, and to carry the bearings. These consisted 
of three sma!) steel balls held in position by a thin 
perforated disc screwed-on to the bottom of the flange. 
It was found that if the balls were allowed to remain 
loose and free to run on the work, a slight degree 
of ‘‘ stagger ” was experienced ; the disc was therefore 
screwed up tightly so that the function of the balls 
was really to provide a three-point contact rather 
than a true bearing. The diamond holder was lubri- 
cated with graphite, and was a sliding fit in its support. 
To prevent rotation, a vertical slot was cut in the 
holder, and engaged with a pin screwed through the 
wall of the support. The diamond and its holder 
were of known weight (50 grammes), and additional 
lead weights of 50 grammes each were made to fit 
into the inside of the tube. 

The method of operation was very simple. To make 
a sctatch on a large surface, the sclerometer was 
placed upright upon the material, and slowly drawn 
along it by hand. The diamond was screwed into 
the holder in such a way that the correct direction 
for drawing the instrument was indicated by the 
projecting pin in the support. If a long scrateh was 
required, use was made of a straight edge as guide. 
Small samples were prepared for scratching by some 
form of mounting. The sclerometer described was 
used throughout the present work and found very 
satisfactory. Circumstances have prevented further 
evolution in the design of the instrument by the 
present writer, but a suggestion is offered as to the 
desirability of replacing the dead weights by an adjust- 
able spring in compression, thus allowing the easy 
application of any load within specified limits, and 
enabling the instrument to be used in any position. 

The microscope used was fitted with a cobweb micro- 
meter eye-piece, by Beck, having two cross wires, one 
fixed and one capable of movement across the field of 
vision by an external graduated screw. The screw 
head was divided into 100 divisions, and the objective 
and tube length were so chosen that one complete 
revolution of the screw produced a movement of the 
cross wire of 0-02 mm., while one-twentieth of a revo- 
lution, or five small divisions, corresponded to a 
movement of 0-001 mm. or uw. It was found feasible 
to estimate further to0-5 4; beyond this the error in 
observation outweighed the sensitivity of the apparatus. 
In this way measurements were made of the widths of 
scratches on harder materials up to Brinell 650. 

Table I shows very clearly the limitations of the 
scratch test, illustrating the small differences notice- 
able in the scratch widths for a comparatively 
great difference in hardness, the whole range of 450 
Brinell numbers only corresponding to a scratch width 
variation of 0-01 mm.; moreover, above about 300, 
ranges of considerably more than 10 Brinell numbers 
are embraced by 0-5 u, the limit of sensitivity of 
measurement available. With the Beck cobweb eye- 





* Paper read before the Institution of Mechanical 
Engineers on Friday, April 24, 1925. Abridged. 





piece described above, the sensitivity was at the most 
0-3 u, and more probably 0-5 u, and it will be seen that 
the method cannot be extended with accuracy for 
materials of Brinell hardness beyond about 300. The 
introduction into works’ practice of a sclerometer of 
the nature of a workman’s tool, with a complementary 
measuring outfit of a high degree of scientific precision 
and complexity, verges upon the absurd. 


TaBLE I.—Relation between Scratch Widths and Brinell 
Hardness Numbers for Harder Material. (Steels.) 


Load on Diamond = 50 grammes. 


Width of Scratch Brinell 
in pw. Hardness. 
29 203 
28 230 
27-* 240 
24-5 320 
24 346 
23°5 363 
pa 430 
21°5 453 
21 494 
20-5 517 
20 585 
19°5 620 
19°5 631 
19 653 


While the use of a curve for the expression of Brinell 
hardness from an observed scratch width was found to 
give quite satisfactory results, the drawback of the 
necessity of constructing a curve for each diamond and 
load used suggests the desirability of an alternative 
method when only occasional scratch hardness measure- 
ments are required, and it is desired to use any available 
diamond without previous calibration. The admirable 
work of Hankins will not be dealt with in detail here ; 
it will suffice to mention that this investigator suggested 
a scale of scratch hardness values K, capable of serving 
as an independent scale for the measurement of scratch 
hardness, and at the same time readily referable to 
Brinell hardness numbers. From experiments upon 
the relation between the width of scratch and the load 
on the diamond, a straight line law was shown to exist 
between these two quantities, and lines illustrating this 
relation for various materials all intersect at the same 
point. The co-ordinates of this point were taken as 
p and q, and the law was then expressed as (P — p) = 
K (w? — gq), where P= load on diamond, w= width 
of scratch, K= material constant. Then K= aa ’ 
and will have the dimensions of s stress, and was taken 
by Hankins as a convenient measure for scratch 
hardness determination. This resumé of the derivation 
of Hankins’ scratch hardness number K has been given 
in order to indicate the nature of the scale suggested by 
him, in which K was calculated in kilogrammes per 
square millimetre for a number of materials. It will 
be plain that, such a scale being granted, tables and 
curves in the nature of calibrations may again be drawn 
up. The scratch hardness number K is a definite and 
independent quantity, without reference to Brinell 
hardness, and provides a definite unit for establishing a 
scratch hardness scale. 

There are many instances in which the Brinell 
indentation tests are impossible owing to the nature 
of the work to be tested. The impression left by the 
ball may conceivably be an undesirable feature upon 
certain articles tested before being sent out after 
manufacture. Again, frequently hardness tests are re- 
quired on objects too small to take a Brinell impression 
or too thin to give a valid Brinell figure. It can be 
safely said that a suitable scratch can always be readily 
made upon such an article with a convenient type of 
sclerometer and a suitable load on the diamond. Local 
variations in hardness, too, can be readily distinguished 
by the sclerometer. Moreover, it is conceivable that, in 
the extreme case of a divergence in hardness over a very 
small portion of material, a Brinell impression might 
cover the whole of the area concerned. A scratch can 
record the hardness from point to point. Further, a 
scratch of considerable length forms a very clear means 
of illustrating a progressive change in hardness over a 
particular region. A further example of the use of the 
scratch test in bringing out local hardness differences is 
in the recording of the hardness of the constituent 
crystals in an alloy. This has been well described by 
Bierbaum in a paper upon the study of bearing metals, 
Crystal hardness in alloys such as brasses, bronzes, 
and white metals can be clearly distinguished by the 
measurement of extensive scratches, and much informa 
tion as to the nature and identification of such crystals 
should be ascertainable by the scratch method. 

In addition to instances in which the Brinell test is 
impossible, owing to mechanical circumstances peculiar 
to the work in question, there are at the same time cases 
where the scratch test is superior to the ball or other 
tests by virtue of its physically distinct nature. The 
fact that the scratch test sometimes facilitates the 
detection of hardness differences not apparent by the 
indentation method, as with the sprayed coatings, and 
with “ superhard ” materials, suggests that a slightly 
different property or combination of properties is being 
measured. 
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By M. Eveene Britt. 
(Continued from page 527.) 


tioned comprise special mechanical appliances devised | 


ditions for starting a rail motor are not the same as 
those which apply in the case of the automobile. If 


TRACTION ON RAILS BY INTERNAL- | slipping ceases, at a speed which we will assume to be ordinary railway practice. In the case of such power. 


COMBUSTION ENGINES.* | one-half of the normal speed. 





ful motors, it has consequently become necessary to 


(1) A Paris motor omnibus with¥30 h.p. motor ;| adopt special devices, which we shall now investigate, 


| weight loaded, 8 tons; Ist speed, 4-4 miles per hour ; 
| 2nd speed, 8-8 miles per hour; Ist speed : period of | rail motor vehicles, consists of a combination of two 
8 f icles which » bee . | slipping, 
Sr ae mmmmaninhitee nitoh eve hove en | (2) Rail motor of the French State Railway with| gripping effect. 
for reasons which may now be considered. The con- | 60 to 80 h.p. motor; weight, 14 tons; Ist speed, 8-8| seen mounted on the lower shaft in the general view of 


The Fieux clutch, which is fitted to the Schneider 


1 second ; 2nd speed, 3 seconds. separate elements, consisting of clutches of different 


The two separate elements can be 
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as great, for equal power and speed, as could be hauled 
on the road; this is due to the difference between the 
resistance to traction o1 rails and on the road (9 to 
13-5 Ib. per ton,in place of 45 to 70 Ib, per ton), and, 
moreover, the gradients are generally much less severe. 

The problem of starting, taking into consideration 
the increased inertia to be overcome, is presented in a 
quite different form in the case of the railway, and 
requires a clutch a much greater surface, so as to 
enable it to withstand slipping for long periods without 
damage. As an example, one may compare the slip- 
ping of the clutch under two differént cases of starting 
on the level ; in these, slipping is taken into account 
from the instant at which starting commences until 





+ * Paper read before the British Section of the Société 
des Ingénieurs Civils de France on April 1, 1925. 
Abridged. 





| miles per hour. Rail motor alone has a period of slip- 
ping at starting of 4 seconds; with a 10-ton trailer, 
of 7 seconds; with a 50-ton trailer, of 15 seconds; 
and with a 100-ton trailer, of 25 seconds.* 

It is therefore necessary, in order to obtain such 
starting efforts, to provide very large friction surfaces ; 
but even though this be done, the question of changing 
speed has still to be considered. The driven portion 
of the clutch, which is connected to the first train of 
gear change wheels, has itself considerable inertia, 
which makes it difficult to change from one speed to 
another. This operation, which, even in the ordinary 
motor-car, requires a certain knack for changing with- 
out noise, requires in the case of such large clutches an 
amount of manual dexterity that is inconsistent with 








| 
| * This vehicle is used for shunting operations, hauling 
! 100 tons on an up-grade, 























it is desired to use the whole power of the motor, it Fig. 50. y 
must be remembered that the rail motor gives facility zc 
for hauling a train having a tonnage eight to ten times ee 
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the clutch and gear given in Fig. 49. The one element 
which will be called the slipping clutch, and which is 
shown to the left, has very larye bearing surfaces. 
Friction is developed between the internal surface of a 
cylindrical drum permanently attached to the driven 
shaft and a metal spiral, driven by the motor; this 
spiral is subjected to the differential action of («) 
centrifugal masses which tend to make it grip, and of 
(6) the driving couple of the engine, which has the 
opposite effect ; the clutch is oil-filled and automatic. 
During the time it is starting the vehicle, it transmits 











the driving couple of the engine by slipping; the 
speed of the engine becomes regular as the result of 
the mechanical arrangement of the clutch, and is inde- 
pendent of the coefficient of friction, which may vary 
and have a low value compared with the maximum 
driving couple of the engine. When the speed of 
the vehicle has become such that it corresponds to the 
speed of the engine, locking takes place and the motor 
can then be accelerated up to its normal speed. The 
other element, known as the coupler, is 2 clutch capable 
of transmitting a large effort, and has surfaces subjected 
to high pressures; the driven portion of the coupler 
has only very small inertia ; it is not required to M" 
capable of a large amount of slipping, and is actuate 
in the manner of the ordinary friction clutch. os 
This arrangement of two elements, the slipping cl i 
and the coupler, works in the following manner. + ph 
small inertia of the coupler enables the operations pe 
changing speed to be made easily and independently 0 
manual skill. All the slipping takes place automati- 
cally in the slipping clutch. The driving couple —< 
plied by this is a function of the speed of the engine, an 
if the speed should drop owing to the resistance of “ 
train, for example, or through error in gear selection, i 
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uncouples automatically, so that the engine is not 


topped. 
: The slipping clutch is designed to allow of slipping 


for several minutes at full load. The heat evolved is 


transferred to the oil and radiated by the casing of the 
rotating element. The Fieux apparatus has the 
advantage that it can be adapted to the ordinary 
sliding gear or dog clutch arrangements, which are the 
most simple and satisfactory appliances in general use, 
and it can be applied to motors of 200 h.p. and upwards. 

When changing gear on a rail car and the engine has 
been declutched, if it were possible to bring the speed 
of the first train of gears and that of the freed element 
of the clutch into synchronism with the new speed that 
is to be engaged, the entry of the dogs (or of the gear 
teeth) would be effected without difficulty, whatever 
might be the inertia of the driving element of the 
clutch. The Mylius gear fitted to the Hawa rai!-motor 
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vehicles presents a solution of this problem. An 
arrangement of this gear is shown diagrammatically in 
Figs. 50 to 52. 

In order to change speed, the mechanism must 
perform two movements : the first is preparatory, and 
operates a selector by setting the change-gear handle A 
i the notch that corresponds to the speed to be en- 
gaged. The selector T takes up a position which allows 
the levers corresponding to this speed to be acvuated 
while the others remain locked. In the gear as shown 
in Fig. 50, the first speea is in gear and the second 
speed has been selected ; the corresponding notch of 
the selector disc T enables the locking piece m, to 
move while the locking disc U, to which force is applied 

y the spring ¢, is still held in position by the locking 
piece m, of the first speed. The second operation is 
that of engagement ; it is effected by the air-cock B, 
which controls the piston C, driven by compressed air, 
which, acting on the rocking lever H, acts simul- 
‘aneously on the clutch and on the change-gear locking 

. The gear operates in two stages. 

First stage : the cylinder C is open to exhaust ; the 
Fessure of the spring F, which is stronger than the 
‘pring E, releases the clutch, as shown in Fig. 51; at 
the same time the rocking lever H moves over and acts 

ugh a bell-crank h on a balance gear L, 1, 1’ which 








teads to lift the lecking bars of the four speeds, but 


can only move those that are not locked, that is to 
say: (1) The bar M,, which withdraws the sleeve P, 
of the first speed to its dead point, and of which the 
locking bar m, will be locked by the rotation of the 


of the second speed, which will engage the friction cone 
of the sleeve P, with the cone of the wheel R,. The 
latter, being driven by the auxiliary shaft K, will cause 
the primary gear train Q,, J, D to run at a speed that 
synchronises with that of the auxiliary shaft K, that is 
to say, with the speed of the vehicle. Second stage : 
the air is allowed to enter the cylinder C; the 
lever H rocks in the opposite direction; under the 
action of the balanced gear L, 1, 1’ the sleeve P, leaves 
the friction cone and moves so that its dogs engage 
with those of the wheel R,; the engagement of the 
second speed is thus completed and is immediately 
followed by the engagement of the clutch (Fig. 50). 
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Gear changing can consequently be effected without 
shock and by a very simple manipulative operation. 
The method can be applied to an automobile having two 
driving compartments and two motors. 

A third method consists in arranging the gears so 
that they are always in mesh, and providing a clutch 
for each speed. This method has been mentioned in 
connection with shunting locomotives having two 
speeds only. The A.E.G. rail motor vehicles are fitted 
with an eee shown in Fig. 53, having four 
speeds ; each clutch T,, T;, Ts, T,, is operated respec- 
tively by pistons controlled by air pressure K,, K», 
K;, K,. The clutches for the second, third and fourth 
speeds are enclosed in the gear-box ; the clutch for the 
first speed T, isexternal. It is constructed of larger di- 
mensions because it comes into play forstarting. This 
method enables two engines to be used for driving, and 
it also enables two rail-motor vehicles coupled together 
to be driven from the driver’s compartment of either. 

The Winterthur Locomotive Company has applied 
the method of multiple clutches, with hydraulic control 
gear for the elements. Oil under pressure is used to 
force together the grooved clutch plates, which form 
the clutching elements, ‘with those made in one with 
the gears. The oil is supplied through holes drilled 
in the shafts (Figs. 54 and 55). The apparatus Is in 
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Diesel motor, weighing 16 tons, and having four speeds 
of 4, 9, 15, and 20 km. per hour (2-5, 5-5, 10-5, and 
12-5 m.p.h.).* 

Other manufacturers use electro-magnetic clutches. 


disc U under the action of the spring t. (2) The bar M,| The Daimler Company of Coventry constructed a rail- 


motor vehicle in 1913 having a clutch of this type. 
The novel arrangement of the motor sets at the sides 
under the body-work, driving on to the ends of the 
driving axles, was a special feature. The Gomsa 
Works (Vereinigte Staatliche Maschinenfabrik) are at 
present building a locomotive, for the Russian Govern- 
ment, having a Diesel-Krupp motor of 1,100 h.p., 
reversible, and driving through gearing. There are 
three speeds, and an electro-magnetic clutch of the 
Eisenach make. This locomotive will have five coupled 
axles, a bogie, and a Bissel bogie; it is expected to 
weigh 125 tons. 

Mechanical methods of transmission, which have 
justified their existence by nearly thirty years’ successful 
use in automobile practice, can be perfectly well 
adapted to the requirements of traction on rails; they 
have the advantage of giving a high efficiency for small 
weight, and the special problems involved in their use 
have been solved in various ways. 

Mixed Transmission Gears.—Under this heading 
are comprised mixed systems in which mechanical 
transmission is used in combination with auxiliary 
arrangements (electrical, pneumatic, or others) brought 
into play for starting and under exceptional circum- 
stances. For instance, the Pieper electro-mechanical 
rail motor vehicle is driven by a motor-dynamo set 
which drives both axles through cardan shafts with 
magnetic clutches for starting. During starting, and 
on heavy work, the dynamo receives current from a 
battery, and assists the motor; on the other hand, on 
easy sections of the route, the excess energy delivered 
by the motor is used for charging the battery. Under 
normal conditions, the vehicle runs on direct drive. 

In the Thomas electro-mechanical transmission,f the 
energy supplied by the motor is distributed by an 
epicyclic gear through two simple transmission gears : 
the one a direct drive to one of the axles, the other 
consisting of a means of transforming energy by the 
use of a generator driven through the epicyclic gear 
supplying current to a motor that drives another axle. 
At starting and on heavy work, the greater portion of 
the energy is transformed so as to increase the torque ; 
in normal running, the transmission is direct. In the 
Hautier pneumatic-mechanical transmission the prin- 
ciple is similar to that of the electro-mechanical gears, 
but the transformation of energy is effected by the 
use of compressed air. In ordinary running, the 
epicyclic gear works as a speed reduction gear. An 
experimental] locomotive was built in 1913 by Schneider, 
and proved to have a good efficiency when tested 
with the dynamometer.{ 

Hydraulic Transmission Gears.—Transmission from 
the engine to the wheels may be effected by hydraulic 
gear working as a transformer of energy and enabling 
any desired speed ratio to be obtained for different 
running speeds of the vehicle. The liquid used is oil. 
The installation in general comprises a compressor or 
pump of variable delivery driven by the engine, and 
an oil engine (hydraulic engine) driving the wheels, 
the two appliances being connected by a double system 
of piping. The installation should include a by-pass 
arrangement in order to avoid the hydraulic engine 
driving backwards through the motor enyine when being 
driven by the wheels, or when the vehicle is running 
with the motor engine stopped. 

Of these gears the Lentz transmission has been longest 
in use on railways and has been adopted by several 
German firms for shunting engines of from 75 to 400 h.p. 

The pump and the hydraulic engine are both of 
the rotary type with sliding vanes. The pump is 
so constructed that several chambers, or their 
equivalent, can be used independently or in parallel. 
The Lentz gear shown in Figs. 56 and 57 differs in 
form from the cylinder type illustrated recently in 
ENGINEERING.§ In this gear made for the Badische 
Lokomotivwerke, who are designing more powerful 
locomotives (Fig. 58) the pump and hydraulic engine 
have a common body. 

The Motor-Lokomotiv- Verkauf-Gesellschaft of Karls- 
ruhe, exhibited a locomotive at Seddin fitted with the 
Lentz gear and having a Baden motor of 160 h.p. 
Tt is illustrated in Figs. 59 and 60. In this case the 
pump and hydraulic engine are separate and the speeds 
are changed by putting one, two or three chambers 
into circuit. The reversing cock, shown in mid- 
position, is arranged above the hydraulic engine. 
When the cock is in this position the pipes are put 





*See EnocrvgrrInc, November 21, 1924. Vol. 
exviii, page 701. 

+ See ENGINEERING, May 5, 1911 (vol. xci, page 594), 
and June 25, 1915 (vol. xcix, page 696). 

t This locomotive was described by the author in the 
Proceedings of the Société des Ingénieurs de France, 
April, 1913. 





use on a shunting locomotive fitted with a 100-h.p. 


§ See page 350, ante. 
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Fig. 59. 


into communication with each other and form a by-pass | 
between the hydraulic engine chambers. 

In other transmission systems, the transmitter | 
enables an infinitely variable range of speed from | 
zero to a maximum, and also reversing, to be obtained 
by the use of a variable-stroke gear, operated by eccen- | 
tric, controlling the pump strokes. Amongst these | 
appliances may be mentioned the Hele-Shaw, Janney, | 
Naéder, Schwartzkopff -Huwiler, &c. In the Hele- 
Shaw system the pump consists of six cylinders | 
arranged in star form as shown in Figs. 61 and 62, 
turning about a centre that carries the inlet and 
exhaust ports. The stroke is controlled by a circular 
ring of variable eccentricity by means of the operating | 
lever. When this lever is in its middle position, the | 
stroke is reduced to zero; the extreme position corre- | 
sponds respectively to the maximum of delivery in one 
direction or the other. The driven mechanism con- | 
sists of a similar appliance but of fixed eccentricity. | 
Figs. 63 and 64 show this system applied to a shunting | 
locomotive built by the Société Frangaise de Trans. | 
mission ; several of these locomotives are at work on | 
the French Northern Railway. Small rail motor 
vehicles of the M.E.P. type (McEwan, Pratt and Co.) 
have been constructed using the transmission gear. | 

Vickers Limited, have constructed an experimental | 
locomotive in which a 75 h.p. semi-Diesel engine is | 
direct coupled to an hydraulic pump. The hydraulic | 
motor is arranged at right angles to the pump, the | 
pipe connection affording a solution for the width and 
length problem that usually forms a serious difficulty in | 
arrangements of the kind. The hydraulic motor is| 
carried on a shaft which drives both axles by chains. | 
In a later design, the wheels are driven by coupling | 
rods from the motor shaft. 

The Schwartzkopff-Huwiler transmission was fitted 
to a locomotive of 200 h.p. exhibited at Seddin by the | 
Berliner Maschinenbau A.G., and shown in Fig. 65. 
In this system, the compressor and transmitter are of 
the blade type with an arrangement that enables the 
volume swept out by the blades to be varied in both the | 
driving and driven appliances. In the driving element, 
the variation in output from zero to the maximum is 
controlled by the engine driver. In the driven element | 
increase in the operating surfaces of the blade comes | 
into effect automatically when the oil pressure reaches | 
a certain amount ; this is accompanied by a correspond- | 
ing increase in the tractive effort. The whole of the | 
gear is operated by hydraulic means. The engine has | 
six cylinders and runs at 440 r.p.m.; the radiator is | 
arranged in the roof with forced draught from a 
blower provided at the end of the vehicle. The loco- | 
motive weighs 30 tons. 

In hydraulic transmission gears it is possible to use | 
the driving element of one system in conjunction with | 
a driven element of another system. In some examples 
the Janney driving element is used with a Lentz 
driven element. The Janney driving element has the 
cylinders arranged parallel to the shaft, and rotating 
in the manner of a revolver barrel*; the stroke is 
varied by the inclination of a swash plate, which 
in its most oblique position gives maximum volume. 
When the disc is at right angles to the shaft, the 
delivery is nil; when the inclination is in the opposite | 
direction the direction of flow is reversed. In order | 
to prevent longitudinal forces acting on the shaft | 
two sets of pumps are used. The mixed arrangement | 





*The arrangement is similar to that of the West/| 
steam engine of about 1875. | 
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of Janney driving and Lentz driven elements was 
adopted in the design of a 1,200 h.p. locomotive, 
designed by Mr. Meineke, engineer for the Russian 
Railways, but the scheme was not carried out, for the 
reason that it was considered preferable to adopt 
gearing and electro-magnetic clutches. 


is extremely simple to 
may attain 75 per 
comotives 
hydraulic 


Hydraulic transmission 
handle. Its mechanical efficiency ma 
cent. Of .eight normal-gauge shunting. lo 
exhibited at Seddin, seven were fitted with 
transmission. 

(To be continued.) 








